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WILSON'S 

AMEKICAN GLOBES. 



[3, 9 AND 13 INCHES IN DIAMETER.] 



SAMUEL WOOD & SONS, 

Agents for the sale of Wilson's American Globes, have con- 
stantly on hand a supply of different sizes, of the latest manufacture. 
Great pains have been taken in the execution of the Plates for these 
Globes, to render them elegant as well as useful. The tracks and 
discoveries of Columbus, Cooke, Vancouver, Gore, Butler, Phipps, 
Parry, &c. are carefully delineated. The geographical divisions are 
taken from the latest charts ; and in respect to our own country, they 
are much more correct than the English globes. 

The Celestial contains the names of several Constellations that are 
not to be found on any other Globes. 

The prices of these Globes are much lower than the English can 
be imported for, and the style of finishing quite equal if cot superior; 
consequently our Schools and Academies would find it for their 
interest to use them. 
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PREFACE. 



Amongst the various branches of science studied in our 
academies, and places of public education, there are few of 
greater importance than that of the Use of the Globes. The 
earth is our destined habitation, and the heavenly bodies measure 
our days and years by their various revolutions. Without some 
acquaintance with the different tracts of land, the oceans, seas, &c. 
on the surface of the terrestrial globe, no intercourse could be 
carried on with the inhabitants of distant regions, and conse- 
quently their manners, customs, &c. would be totally unknown 
to us. Though the different tracts of land, &c. cannot be so 
minutely described on the surface of a terrestrial globe as on 
different maps ; yet the globe shows the figure of the earth and 
the relative situations of the principal places on its surface, 
more correctly than a map. Had the ancients paid no attention 
to the motions of the heavenly bodies, historical facts would 
have been given without dates, and we should have had neither 
dials, clocks, nor watches. To the celestial observations of 
Eudoxus, Hipparchus, &c. we are indebted for the knowledge 
of the precession of the equinoxes. Without some acquaintance 
with the celestial bodies our ideas of the power and wisdom of 
the Creator would be greatly circumscribed and confined. The 
learned and pious Dr. Watts observes, "What wonders of 
Wisdom are seen in the exact regularity of the revolutions of the 
heavenly bodies ! Nor was there ever any thing that has con- 
tributed to enlarge my apprehensions of the immense power of 
God, the magnificence of his creation, and his own transcendent 



g^amHeaer «» mmth aa ilie lioie pordoo of aamooaxr wgich 1 
1h»« b<«ft abfer O UUm. And I wwld not oolj recoaunend it 
■» jom^ mailfMtM, &« the; mne purposes, bat I wooid pennde 
aO mmtkiivt, if it w^rt fos.-iibk, to zaio wote degree ot' acqoai::!- 
•Mce wilh ttw vaatiKw, tbe di^Unce?, aod lite motioiu ot' uk ptui- 
«taT7 wr^idf, fta ttiA wune arcoaBL" 

iJr, Vfmi>^ in bta Night Thoogfata, says. 

" An wiAntial Aaanaaiaa b nnd.' 

There it scarcely a writer oo tbe diferent branches of edoca- 
tina who hu not exprvwly recommended Ibe study of the globes. 
Mihon tfhmrre» that " ere half the school authors be read, it will 
b» aesKifiablc for youth to learn the ose of the globes." Yet 
notwilfaMaDdir^ the importance of tbe subject, it is entirely neg^ 
lected in oar public schools ; and in many of oar private acade- 
mies it has been frequently imperfectly taught; probably tor 
want of a treatise siifHcienlly compreheasiye in its object, and 
ilhlStrBted by a suitable number of examples. 

There are several treatises on the globes eilant, but they have 
been chiefly written by mathematical instrument makers,* or by 



• The >ddilii>n of i tew wires, i semicircle of brasa, a particular kind of boiu ~ 
drcU, lui. which ii of no other uie on the globe than to enhance ttie price thereof 
hs* gfnerallj' been a aufficient inilucemeiit for the iaslmment maker to publish ■ 
tTMliM npltatUiry of the dk of (uch addition. The more simply the globes ate 
fitted up, and the less thej are encumbered with useless wires, Lc. the more easily 
thif wll be understood bj the generality of learners. The most important part of 
■ globe is its external surface: if thepfocuonihe terrestrial globe, and Iheifora on 
the celestial, be acenratelj laid down, and distinctly and clearl; engraven, it ia of 
Utile oonseqaenee of what malerials the frame is made. 

The principal globe makers in London are Cakt, BxaDtH, Niwtok, and 
Addiidh, 

CiKT'a globes are 91 inchsi, 13 inches, 15 inches, IS inches, and 9 inches in 
diameter, and the oeleitial globe may be purchased either with or without the 
)Llsrt)g1yphicil figures depicted on the surface. 

BiaciH'i globea, or, as Ihsy are usually called, the Niw Bkiiub Globes, are 
18 Inches, and 19 inches in diameter. The New British Globes, manufactured 
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teachers unacquainted with mathematics. The works of the 
former must be defective for want of practice in the art of teach- 
ing ; and many of the productions of the latter are too peurile 
and trifling to be introduced into a respectable academy. Youth 
learn nothing effectually, but by frequent repetition ; a multi- 
plicity of examples therefore becomes absolutely necessary ; but 
these exEimples should be so varied, and the mode of proposing 
the questions so diversified, as to give the scholar room for the 
exertion of his faculties, or otherwise no impression will remain 
on his mind. Treatises on the globes are generally either with- 
out any practical exercises ; or the exercises are so similar, that 
when the pupil has finished one of them, the rest may be per- 
formed without the trouble of thinking. Examples of this kind 
may serve to pass away the time, but they will never instruct the 
scholar. 

Had any mathematical writer of note furnished the student 
with a treatise on the globes, the following work would probably 
have never appeared; but it rarely happens that the man of 
science, whose whole time is employed in abstruse researches, will 
stoop to the humble task of accommodating himself to the capa- 
city of a learner. To a man in the habit of contemplating the 



mended by Mr. Vince, in vol. i. page 569, of his connplete System of Astronomy, 
and were introduced into the Royal Observatory at Greenwich, by the late 
Dr. Maskelyne. 

Newton's globes are 15 inches, and 12 inches in diameter. The horizon on 
these globes is the same as on Bardin's; only, instead of the signs of the zodiac, 
the ecliptic and zodiacal constellations are introduced. The analemraa on the 
surface is not essentially different from that on Gary's globes. 

Addison's globes are 18, 12, and 10 inches in diameter. The analemma on the 
surface of these globes is the same as the analemma on Gary's globes. Mr. Addi- 
son is now constructing a superb pair of globes, 36 inches in diameter. 

Wilson's American Globes are 13 inches, 9 inches, and 3 inches in diameter. 
They are used in academies generally in preference to any others, as they 
are quite equal to the best English in the execution of the plates ; more correct 
in the geographical divisions of the western continent ; and can be purchased at 
lets pricei. 



writings of a Newton, or travelling in the dry and difficult paths 
of abstract knowledge, a treatise on the globes is a mere play- 
thing, a trifle not worth notice ; as at one glance he sees and 
comprehends every problem that can be performed by tbem. 
Such a man would acquire no credit by writing a Treause on 
the Globea ; for, notwithstanding the utility of the subject, its 
simplicity would leave no room for him to display his abilities: 
the task, therefore, necesEiarily devolves on writers of a more 
humble rank. 

The ensuing Treatise has been formed entirely from the prac- 
tice of Instruction, and is arranged in the following order : 

Part 1. The definitions are very extensive, and, it is hoped, 
mfficiently plain and clear. Where the name of any ancient 
author occurs, the time in which he flourished, and his country, 
are generally mentioned in a note ; this practice is followed . 
throughout the book. The table of climates has been newly 
calculated, and the principle of calculation is given at full length. 
th&frst chapter likewise contains a table of the constellations, 
with the fabulous history of several of tbem ; the Greek alpha- 
bet, &c. If the definitions, geographical theorems, dec. in this 
chapter be well explained by the tutor, it is presumed that the 
scholar will derive considerable advantage. The second chapter 
contains the general properties of matter, and the taws of motion, 
as preparatory to the reading of the third and fourth chapters ; 
which would otherwise be less intelligible. To the third and 
fourth chapters are added some useful notes, which ought to be 
attended to by those students who are acquainted with arith- 
metic. The fifth cluster treats of springs, rivers, and the saltness 
of the sea ; the sixth of the tides ; and the seventh of earth* 
quakes, &c. with their eSecta and causes. The subject of the 
eighth chapter is the atmosphere, and of the ninth, meteorology. 
IVom each of these chapters, it is hoped, the §tudent will derive 
some useful information. 

It has not been usual to introduce several of the aforesaid 
■ubjects into a Treatise on the Globes. An intelligent reader 



PREFACE. IX 

will, however, readily admit them to be less extraneous, equally 
entertaining, and more instructive than scraps of poetry, historical 
anecdotes, &c. with which some of our Treatises on the Globes 
abound. Poetical scraps seldom elucidate either mathematical 
or philosophical subjects, and generally divert the attention of 
the student from the main object of his pursuit. 

Part II. This part comprehends the elementary principles 
of Astronomy, including an account of the solar system. These 
ought to be clearly understood by the young student before he 
attempts to solve many of the problems in the succeeding parts 
of the book. The object in learning the Use of the Globes 
should be to illustrate some of the most important branches of 
geography and astronomy; and this object can not be attained by 
merely twirling the globe around and working a few problems, 
without understanding the principles on which their solutions 
are founded. Lessons thoroughly explained and clearly under- 
stood make a lasting impression on the student's memory, and 
will enable him not only to solve such problems as he may meet 
with in books on the Globes, but to frame several new problems 
himself, and to solve others of which he never heard before. 

In the notes attached to this part of the following work, the 
distances, magnitudes, &c, of the planets are all accurately cal- 
culated. This laborious task the author would gladly have avoid- 
ed, but he found the accounts of the distances, magnitudes, &c. 
of the planets so variable and contradictory, even in astronomical 
works of repute, and frequently in the same author, that he con- 
ceived such notes as he has introduced would be very useful to a 
learner. 

Part III. Contains an extensive collection of Problems; 
illustrated by a great number of useful examples, many of which 
are elucidated with notes of considerable importance. 

Part IV. Comprehends a miscellaneous selection of Prob- 
lems, and Questions for the examination of the student. These 
questions will be found very useful, and may be extended with 

advantage by the tutor. 

'2 



To CoNCLTJDE. The author apprehends that he has omitted 
nothing of importance that particularly relates to the subject, and 
he hopes, at the same time, that this work will be found to con- 
tain little or no extraneous matter. He has endeavoured to sup- 
ply the young student with a Treatise on the Globes, which may 
not be unworthy of attention, as a work of science, yet suffi- 
ciently plain and intelhgible. 



A NEW plate was delineated for the second edition of this work 
showing the path of the planet Jupiter in the Zodiac, for the year 
1811, which will likewise answer nearly for the year 1S23, 
together with the constellations and principal stars through which 
he passes, agreeably to their appearance in the heavens. De- 
Uneations of this kind will not only prove amusing, but instruc- 
tive to the scholar, as they give a more correct idea of the rel- 
ative situations of the stars than a globe. 

By laying down on paper all the principal constellations from 
the celestial globe, as directed in Problem ClI. ; rejecting such 
stars as are smaller than those of the fourth magnitude, and those 
constellations which do not come above the horizon, the young 
student will soon render the appearance of the heavens famiUar 
to him. 

To the present edition several wood cuts and a new copper- 
plate have been added ; the whole has been carefully revised 
and enlarged by a considerable quantity of additional matter, 
with a view of rendering it as complete and comprehensive as 
possible. 1826. 
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PART I. 



DEFINITIONS AND INTRODUCTORY SUBJECTS. 

CHAPTER I. 

JEocplanation of the Lines on the Artificial Globes^ including Creo^ 
graphical and Astronomical Definitions; vnthafew Geograph* 
iced Theorems. 

1. THE Terrestrial Globe is an artificial representation of 
the earth. On this globe the four quarters of the world, the dif- 
ferent empires, kingdoms and countries; the chief cities, seas, 
rivers, &c. are truly represented, according to their relative sit- 
uation on the real globe of the earth. The diurnal motion of this 
globe is from west to east. 

2. The Celestial Globe is an artificial representation of the 
heavens, on which the stars are laid down in their natural situa- 
tions. The diurnal motion of this globe is from east to west, and 
represents the apparent diurnal motion of the sun, moon, and 
stars. In using tins globe, the student is supposed to be situated 
in the centre of it, and viewing the stars in the concave surface. 

3. The Axis of the Earth [See Plate I. ^Figures I. and II.] 



* Figure I. represents the frame of the slobe, with the horizon, brass meridian, 
and axis : Figure U. the Globe itself, with Uie lin< 



lines on its surface. 
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is an imaginary line passing through the centre of it, upon which it 
is supposed to tuni, and about which all the heavenly bodies ap- 
pear to have a diurnal revolution. This line is represented by 
the wire which passes from north to south, through the middle of 
the artificial globe. 

4. The Poles of the Earth are the two extremities of the 
axis, where it is supposed to cut the surface of the earth, one of 
which is called the north, or arctic pole; the other, the south, or 
antarctic pole. The celestial poles are two imaginary points* in 
the heavens, exactly above the terrestrial poles. 

5. The Brazen Meridian is the circle in which the artificial 
globe turns, and is divided into 360 equal parts, called degrees, j- 
In the upper semicircle of the brass meridian these degrees are 
numbered from to 90, from the equator towards the poles, and 
are used for finding the latitudes of places. On the lower semi* 
circle of the brass meridian they are numbered from to 90, from 
the poles towards the equator, and are used in the elevation of 
the poles. 

6. Great Circles divide the globe into two equal parts, as 
the equator, ecliptic, and the colures. 

7. Small Circles divide the globe into two unequal parts, as 
the tropics, polar circles, parallels of latitude, &c. 

8. Meridians, or Lines of Longitude, are semicircles, extend- 
ing from the north to the south pole, and cutting the equator at 
right angles. Every place upon the globe is supposed to have a 
meridian passing through it, though there be only 24 drawn upon 
the terrestrial globe ; the deficiency is supplied by the brass me- 
ridian. When the sun comes to the meridian of any place, it is 
noon at that place. 

9. The First Meridian is that from which geographers begin 
to count the longitudes of places. In English maps and globes 
the first meridian is a semicle supposed to pass through London, 
or the royal observatory at Greenwich. 

* The polar star is a star of the second magnitude, near the north pole, in the 
end of the tail of the Little Bear. Its mean right ascension, for the beginning of 
the year 1820, is 14o W 7" ; and its declination 88«> 20' 55^' N. Cwmoissance des 
Tjms, for 1820. p. 168. 

t Every circle is supposed to be divided into 360 equal parts called degrees 'each 
minute, into 60 equal parts called seconds, &c. : (a degree therefore is of different 
lineal extent, according to the magnitude of the circumference to which it belongs. 
A degree of a great circle of the earth, as of the meridian or equator, contains 60 
geographical miles or 69 1-10 English miles.) A degree of a great circle in the 
heavens is a space nearly equal to twice the apparent diameter of the sun or moon. 

Decrees are marked with a small cipher, minutes with one dash, seconds with 
two, thirds with three, &c. Thus 25» 14' 22" 35'", are read 25 degrees, 14 minutes, 
22 seconds, 35 thirds. 
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10. The Equator is a great circle of the earth, equi-distant from 
the poles, and divides the globe into two hemispheres, northern 
and southern. The latitudes of places are counted from the 
equator, northward and southward ; and the longitudes of places 
are reckoned upon it, eastward and westward. 

The equator, when referred to the heavens, is called the equi- 
noctialf because when the sun appears in it, the days and nights 
are equal all over the world, viz. 12 hours each. The declinations 
of the sun, stars, and planets, are counted from the equinoctial 
northward and southward, and their right ascensions are reckoned 
upon it eastward round the celestial globe from to 360 degrees. 

11. The Ecliptic is a great circle in which the sun makes his 
apparent annual progress among the fixed stars* ; or, it is the 
great circle in the plane of which is situated the real path of the 
earth round the sun, and cuts the equinoctial in an angle of 
23° 28' ; the points of intersection are called the equinoctial points. 
The ecliptic is situated in the middle of the zodiac. 

To show that the great circle in the plane of Tvhich is situated the real path of 
the earth round the sun is the same as the apparent path of the sun among the 
fixed stars, let S represent the sun ; 
when the earth is in =Cix Libra, the 
sun will appear in T •Aries ; when 
the earth is in til Scorpio, the sun 
will appear in ^ Taurus; when 
the earth is in / Sagittarius, the 
■un will appear in JJ Gemini; and 
80 on round the ecliptic. The eye 
cannot judge of distances beyond a 
certain limit; hence the heavenly 

bodies, viz. the sun, stars, and the moon, all appear egtiotty remote from a spectator 
on the earth. 

12. The Zodiac, on the celestial globe, is a space which extends 
about eight degrees on each side of the ecliptic, like a belt or gir- 
dle, within which the motions of all the planetsf are performed. 

♦ The sun's apparent diurnal path is either in the equinoctial or in lines nearly 
parallel to it; and his apparent annual path may be traced in the heavens, by 
observing what particular constellation in the zociiac is on the meridian at mict- 
night; the opposite constellation will show, very nearly, the sun's place at noon on 
the same day. 

t Except the new discovered planets, or Asteroids, Ceres and PaUas. 




!,&& 
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13. Smn orna ZoDuc TVecfipticandzodbcaredind* 
ed into 13 eqoal parts, called ^goa, each coatainii^ 30 den«es. 
The son makes hn apparent aiuiual [M«giess through the ecBptic, 
■ttberateofneariyad^reeioaday. The Dunes of the ^gn^ 
and the days on which the son enters tbem, are asfoDows: / r- 



SpHDroSian. 
T Aria, the Ram, Slat <^ 

Blaidi. 
a 7bKni4theBiiD.19Ui<^ 

A|HiL 
n <faaran, the Twins, 30th 

of May. 



SiniMEB SlSIIB. 

S Camxr, the Crab, 31st <^ 

JUDC. 

SiLeo, the Lion, 33d oT 

July. 
m Tirgo. the Yii^ 33d <^ 

Aoguat. 



l^iese are called nortbera agas, beii^north of the equiDoetiaL 



Adtdmhai. Sien. 
•^lOm, the Balance, 33d 

of September, 
"l ftonmo, the Scorpion, 33d 

(/October. 
/ Sag^taritu, the Archer, 

33d of November. 



Wums Shhis. 
V3 C(mru»rRiu, tbe Goat, 31st 

of December. 
=: Aqaarittt, the Water-beaier, 

30th of January. 
K Pixces, the Flsbes, 19th of 
Febnury. 



These are called southern signs. 

The winter and spring signs are called ascending signs, and the 
summer and autumnal signs are called descending signs. 

14. The CoLURES are two great circles passing through the 
poles of the world; one of them passes through the equinoctial 
points, Aries* and Libra ; the other, throush the solstitial points. 
Cancer and Capricorn ; hence they are called the equinoctial and 
solstitial colures. They divide the ecliptic into four equal parts, 
and mark the ftmr seasons of the year, 

15. DECLUfATioN of the sun, of a star, or planet, is its distance 
from the equinoctial, northward or southward. When the sun is 
in the equinoctial he has no declination, and enlightens half the 
globe ftom pole to pole. As he increases in north declination he 



* In th« time of JRpparckm the •qninoclitl coluie is EuppoBed ta have paHoad 
Ihinugli the midijla of (he cunsldiidum Anca. Hippatchuewas a native of Nic^n, 
o (own of HytliiniiL, io Asia Minor, ailout 75 milsB &. E, of ConaUnllDople, naw 
cnllod I»nic ; he miidfl hia ob»ervalioM between 160 aud 13S vearg before Chrial. 
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gradually shines farther over the north pole, and leaves the south 
pole in darkness : in a similar mannner, when he has south decli- 
nation, he shines over the south pole, and leaves the north pole in 
darkness. The greatest declination the sun can have is 23^ 28'; 
the greatest declination a star can have is 90' ; and that of a 
planet 30'> 28'* north or south. 

16. The Tropics are two small circles, parallel to the equator 
(or equinoctial), at the distance of 23^ 28' from it; the northern 
is called the Tropic of Cancer, the southern the Tropic of Capri- 
corn. The tropics are the hmits of the torrid zone, northward 
and southward. 

17. The Polar Circles are two small circles, parallel to the 
equator (or equinoctial), at the distance of 66^ 32^ from it, and 
23° 28' from the poles. The northern is called the arctic^ the 
southern the antarctic circle. 

18. Parallels op Latitude are small circles drawn through 
every ten degrees of latitude, on the terrestrial globe, parrallel to 
the equator. Every place on the globe is supposed to have a 
parrallel of latitude drawn through it, though there are generally 
only sixteen parallels of latitude drawn on the terrestrial globe. 

19. The Hour Circle on the artificial globes is a small circle 
of brass, with an index or pointer fixed to the north pole ; it is di- 
vided into 24t equal parts, corresponding to the hours of the day, 
and these are again subdivided into halves and quarters. The 
hour circle, when placed under the brass meridian, is moveable 
round the axis of the globe, and the brass meridian, in this case, 
answers the purpose of an index. 

20. The Horizon is a great circle which separates the visible 
half of the heavens frpm the invisible; the earth being considered 
as a point in the centre of the sphere of the fixed stars. Horizon, 
when applied to the earth, is either sensible or rational. 

21. The Sensible, or visible horizon, is the circle which 



* Except the planets, or Asteroids, Ceres and PaUaSf which are nearly at the 
same distance from the sun ; the former, in April 1803, was out of the zodiac, its 
latitude being 15o2(KN. 

t Some globes have two rows of figures on the index, others but one. Oq 
Bardin'8 ^ew British Globes there is an hour circle at each pole, numbered with 
two rows of figures. On Adams' common globes there is but one index ; and on 
his improved globes the hours are counted by a brass wire with two indexes stand- 
ing over the equator. The form of the hour circle is, however, a matter of little 
consequence, (provided it be placed under the brass meridian,) as the equator will 
answer every purpose to which a circle of this kind can be appUed. 
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bounds our view, where the sky appears to touch the earth or 
sea.* 

ti2. The Rational, or true horizon, is sn imaginary plane, 

Eassing through the centre of the earth parrallel to the sensihle 
orizon. It determines the rising and setting of the Eun, stars, 
and planets. 

23. The WooDEH Horizon, circumscribing the artificial ^obe, 
represents the rational horizon on the real globe. This horizon 
is divided into several concentric drcles, which on Bardin'af 
New British Globes are arranged in the following order: 

7^ First is marked amplitude, and is numbered from the cast 
towards the north and south, from to 90 degrees, and from the 
west towards the north and south in the same manner. 

The Second is marked azimuth, and is numbered from the north 
point of the horizon towards the east and west, from to 90 de- 
grees ; and from the south point of the horizon towards the east 
and west in the same manner. 

The Third contains the thirty-two points of the compass, di- 
vided into half and quarter points. The degrees in each point 
are to be found in the amphtude circle. 

The Fourth contains the twelve signs of the zodiac, vrith the 
ligure and character of each sign. 

The Ftflh contains the degrees of the signs, each sign compre- 
hending 30 degrees. 

The SixtJt contains the days of the month answering to each 
def^ree of the sun's place in the ecliptic. 

Tlie Seventh contains the equation of time, or difference of time 
shown by a well-regulated clock and a correct sun-dial. When 
the clock ought to be faster than the dial, the number of minutes, 
expressing the difference, is followed by the sign -f ; when the 



* Tbe Bsnaible horizon extends only a few miles ; for example, if a man of 6 
feet high were to BtB.r)d nn an eitensive level, or on (he BurfB.ce of the sea ; tbe ul- 
taoBl extent of bia view, upon (be earth or (be aei, would be about three miles. 
Thus, if A be the height of the eje above the surface of the sea, and d the diameter 
of the earth in feet, (hen 

S/ 

d•^■ h -f A, will nearly show the distance which a person will be able to see, 
llragbt forwaJd. Keilh.'i Trigonometrj', Fourth Edition, Eiauiple XLV. page 83. 

t Cart's Globes have a different division of the wooden horizon. The first 
circle, or that nearest to the globe, is numbered from the east and west towards 
the north and south, from to 90'. The second contains tho thirty-two points of 
the compass : The third, tbe si^s of the zodiac : The fourth, thn deerepji of (he 
"' " "" '""' icdaysofliiemonLha: The sixth, the names of the n 
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clock or watch ought to be slower, the number of minutes in the 
diiTerence is followed by the sign — . This circle is peculiar to 
the New British Glebes. ^ 

Tlie Eighth contains the twelve calender months. 

24. The Cardinal Points of the horizon are east, west, north, 
and south. 

25. The Cardinal Points in the heavens are the zenith, the 
nadir, and the points where the sun rises and sets. 

26. The Cardinal Points of the ecliptic are the equinoctial 
and solstitial points, which mark out the four seasons of the year ; 
and the Cardinal signs are (y> Aries, S Cancer, '^ Libra, and V3 
Capricorn. 

27. The Zenith is a point in the heavens exactly over our 
heads, and is the elevated pole of our horizon. 

28. The Nadir is a point in the heavens exactly under our. 
feet, being the depressed pole of our horizon, and the zenith, or 
elevated pole*, of the horizon of our antipodes. 

29. The Pole of any circle is a point on the surface of the 
globe, 90 degrees distant from every part of that circle of which 
it is the pole. Thus the poles of the earth are 90 degrees from 
every part of the equator; the poles of the ecliptic (on the celes- 
tial globe) are 90 degrees from every part of the ecliptic, and 
23" 28' from the poles of the equinoctial, consequently they are 
situated in the arctic and antarctic circles. Every circle on the 
globe, whether real or imaginary, has two poles diametrically 
opposite to each other. 

30. The Equinoctial Points are* Aries and Libra, where 
the ecliptic cuts the equinoctial. The point Aries is called the 
vernal equinox, and the point Libra the autumnal equinox. When 
the sun is in either of these points, the days and nights on every 
part of the globe are equal to each other. 

3L The Solstitial Points are Cancer and Capricorn. "When 
the sun is in, or near, these points, the variation in his greatest al- 
titude is scarcely perceptible for several days; because the ecliptic 
near these points is almost parallel to the equinoctial, and there- 
fore the sun has nearly the same declination for several days.— 



^/ 



* The terms Aries, Libra, &c. primarily denoted the constellations of the zodiac: 
in the course of time they were also us^ to signify the twelve equal divisions of 
the ecliptic called signs ; and in several works on the Globes and Astronomy, 
are employed to indicate the first points of these signs. This variety of sig- 
nification IS perplexing to beginners, and injurious to perspicuity : it is better 
to say that the equinoctial and solstitid points are the first points of the signs, 
Aries, Libra, &c. 
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When the eun enters Cancer, it is the longest day to ail the in- 
habitants on Uie north side of the equator, and the shortest day to 
those on the south side. When the sun enters Capricorn it is 
the shortest day to those who live in north latitude. 

33. A Hemisphere is half the surface of the globe ; every 
great circle divides the glohe into two hemispheres. The horizon 
divides the upper from the lower hemisphere in the heavens : the 
equator separates the northern from the southern on the earth ; 
and the brass meridian, standing over any place on the terrestrial 
globe, divides the eastern from the western hemisphere, 

33. The Mariner's Compass is a representation of the hori- 
zon, and is used by seamen tcwdircct and ascertain the course of 
their ships. It consists of a circular brass box, which contains a 
paper card, divided into 32 equal parts, and fixed on a magnetical 
needle that always turns towards the north. Each point of the 
compass contains 11° 15' or 11 1-4 degrees, being the 33d part of 
360 degrees. 

34. The Variation of thr Compass is the deviation of its 
points from the corresponding points in the heavens. When the 
north point of the compass is to the east of the true north point 
of the" horizon, the variation is cast; if it be to the west, the vari- 
ation is west. 

The learner is to andcral&nd, thai the compiiBB does not always point direcUg 
uertk, but ia subject to a bidbII (irregular) annual vaiiation. At preeenl, b Eng- 
land, the needle points about S4j degrees, to the westward of the north. 
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35. Latitude of a Place, on the terrestrial globe, is its dis- 
tance from the equator in degrees, minutes or geographical miles, 
&c. and is reckoned on the brass meridian, from the equator to- 
wards the north or south pole. 
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36. Latitude of a Star or Planet, on the celestial globe, 
is its distance from the ecliptic, northward or southward, counted 
towards the pole of the ecliptic, on the quadrant of altitude. The 
greatest latitude a star can have is 90 degrees, and the greatest 
mtitude of a planet is nearly 8 degrees.* The sun being always 
in the ecliptic, has no latitude. 

37. The Quadrant op Altitude is a thin flexible piece of 
brass divided upwards from to 90 degrees, and downwards 
from to 18 degrees, aqd when used is generally screwed to the 
brass meridian. The upper divisions are used to determine the 
distances of places on the earth, the distances of the celestial bod- 
ies, their altitudes, &c., and the loyser divisions are applied to find- 
ing the beginning, end, and duration of twilight. 

38. Longitude op a Place, on the terrestrial globe, is the 
distance of the meridian of that place from the first meridian, 
reckoned in degrees and parts of a degree on the equator. Lon- 
gitude is either eastward or westward, according as the place is 
eastward or westward of the first meridian. The greatest longi- 
tude that a place can have is 180 degrees, or half the circumfer- 
ence of the globe. 

39. Longitude op a Star, or Planet, is reckoned on the 
ecliptic from the point Aries, eastward, round the celestial globe. 
The longitude of the sun is what is called the sun's place on the 
terrestrial globe. 

40. Almacantars, or parallels of altitude, are imaginary cir- 
cles parallel to the horizon, and serve to show the height of the 
sun, moon, or stars. These circles are not drawn on the globe, 
but they may be described for any latitude by the quadrant of al- 
titude. 

41. Parallels of Celestial Latitude are small circles 
drawaon the celestial ^obe, parallel to the ecliptic. 

43. Parallels of Declination are small circles parallel to 
the eqainoctial on the celestial globe, and are similar to the par- 
allels of latitude on the terrestrid globe. 

43. Azimuth, or Vertical Circles, are imaginary great cir- 
cles pasi^ing^ through the zenith and the nadir, cutting the horizon 
at light angles. The altitudes of the heavenly bodies are meas- 
ured on these circles, which circles may be represented by screw- 
ing the quadrant of altitude on the zenith of any place, and making 
the other end move along the wooden horizon of the globe. 



* The newiy-discovered planets, or Asteroids, Ceres aad Pallas, ^c, do not ap- 
pear to be coimned within this limit; 

5 
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44. The Prime Vertical is that azimuth circle which panes 
through the east and west points of the horizon, and is always st 
right angles to the brass meridian, which may be considered ma 
another vertical circle passing through the north and south poiiits 
of the horizon. 

45. The Altitude of any object in the heavens is an arc of a 
vertical circle, contained between the centre of the object and the 
horizon. When the object is upon the meridian, this arc is caUed 
the meridian altitude. 

46. The Zenith Distance of any celestial object is the arc of 
a vertical circle, contained between the centre of that object and 
the zenith ; or it is what the altitude of the object wants of 90 de- 
grees. When the object is on the meridian, this arc is called the 
meridian zenith distance. 

47. The Polar Distance of any celestial object is an arc of a 
meridian, contained between the centre of that object and the pdb 
of the equinoctial. 

48. The Amplitude of any object in the heavens is an arc of 
the horizon, contained between the centre of the object when ris- 
ing, or setting, and the east or west points of the horizon. Or, it 
is the distance which the sun or a star rises from the east, and sets 
from the west, and is used to find the variation of the compass at 
sea. When the sun has north declination, it rises to the north 
of the east, and sets to the north of the west ; and when it has 
south declination, it rises to the south of the east, and sets to the 
south of the west. At the time of the equinoxes, when the sun 
has no declination, viz. on the 21st of March, and on the 23d of 
September, it rises exactly in the east, and sets exactly in the 
west.* 

49. The Azimuth of any object in the heavens is an arc of the 
horizon, contained between a vertical circle passing through, the 
object, and the north or south points of the horizon. The azi- 
muth of the sun, at any particular hour, is used at sea for finding 
the variation of the compass. 

50. Hour Circles, or Horary Circles, are the same as the 
meridians. They are drawn through every 15 degreesf of the 



* When the san is in the equator at the instant of rising, he does not rise exactly 
due east, to phices situated in north or south latitude, the diflbrence being greater 
as the latituoe increases : this difierence is still greater with respect to the moon. 

t On Cory's large Globei the meridians are drawn through every 10 degrees, M 
on a map. 
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equator, each answering to an hour — consequently, every degree 
oiIoDgitucle answers to four minutes of time, every half degree to 
two minutes, and every quarter of a degree to one minute. 

On the globes these circles are supplied by the brass meridian, 
the hour circle and its index. 

' 51. The Six o'Clock Hour Line. As the meridian of any 
place, with respect to the sun, is called the 12 o'clock hour circle ; 
so that great circle passing through the poles, which is 90 degrees 
distant from it on the equator, is called by astronomers the six 
o'clock hour circle, or the six o'clock hour line. The sun and stars 
are on the eastern half of this circle six hours before they come 
to the meridian ; and on the western half six hours after they 
bave passed the meridian. 

52. Culminating Point of a star or planet is that point of its 
i^parent diurnal path, which, on any given day, is the most ele- 
vated. Hence a star or planet is said to culminate when it comes 
to the meridian of any place ; for then its altitude at that place is 
the greatest 

63. Apparent Noon is the time when the sun comes to the 
meridian ; viz. 12 o'clock, as shown by a correct sun-dial. 

54. Mean Noon, 12 o'clock, as shown by a well regulated 
clock, adjusted to go 24 hours in a mean solar day, 

55. The Equation op Time at noon is the interval between 
the mean and apparent noon, viz. it is the difference of time shown 
by a well-regulated clock and a correct sun-dial. 

56. An Apparent Solar Day is the time from the sun's leav- 
ing the meridian of any place, on that day, till it returns to the 
same meridian on the next day ; viz. it is the time elapsed from 12 
o'clock at noon, on any day, to 12 o'clock at noon on the next 
day, as shown by a correct sun-dial. An apparent solar day is 
subject to a continual variation, arising from the obliquity of the 
ecliptic, and the unequal motion of the earth in its orbit ; the du- 
ration thereof sometimes exceeds, at others, falls short, of 24 hours, 
and the difference is the greatest about the 23d of December, 
when the apparent solar day is 30 seconds more than 24 hours, 
as shown by a well-regulated clock. 

57. A Mean Solar Day is measured by equal motion, as by a 
clock or time-piece, and consists of 24 hours. There are in the 
course of ai year as many mean solar days as there are apparent 
solar days, the slowness of the sun at certain seasons being com- 
pensated by his rapidity at others. The clock is faster than the 
sun-cUal from the 24th of December to the 15th of April, and from 
the 16th of June to the 31st of August : but from the 15th of 
April to the 16th of June, and from the 31st of August to the 24th 
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of December, the sun-dial is faster than the dock. From the 9d 
of November to the 1 1th of February, the apparent solar day u 
greater than the mean solar day; from the 11th ofFebniuy.to 
the 15th of May, the apparent solar day is less than the mean. 
From the 15th of May to the 25thofJulT, the apwentia greater 
than the mean; and from the 25th of JutytotbeSdofNorember 
theapparcnt is less than the mean. Onlebniaiy llth,MayI5(b, 
July ^5th, November 2d, the apparent and mean acdar daya are of 
equal length. The greatest interral between apparent and mean 
noon happens oo November 2d, on vrbtch mean noon i> laterthan 
apparent noon by 16 minutes and 16 seconds ; or, which amoiml* 
to the EBtne thitiRt when the sun's centre tnnats tbs mericUan on 
November 3d, the time shown by an onifbrm cJodt is II bourir 
43 minutes, 44 seconds. 

5S. The AsTRONoincAi. Dat is reckoned from noon to noon^ 
and consists of 34 hours. This is called a tuOural day, beii^ <tf 
the same length in all latitudes. 

59. The Artificiai. Dat is the time elapsed between the tun's 
rising and setting, and is variable according to the difierent lati- 
tudes of places. 

60. The Civil -Day, hke the astronomical or natural day, con- 
sists of 24 hours, but begins difierently in different nati(Mi& The 
ancient Babylonians, Persians, Syrians, and most of the eaalem 
nations, began their day at sun-rising. The ancient Atheniaos, 
the Jews, &.C. began their day at sun-setting, which custom is foU 
lowed by the modern Austrians, Bohemians, Silesians, Italians, 
Chinese, &c. The Arabians begin their day at noon, like the 
modern astronomers. The ancient Egyptians, Romans, &c. be- 
gan their day at midnight, and this method is followed by the 
English, French, Germans, Dutch, Spanish, and Portueuese, 

61. A SioERiAL Dav is the interval of lime from the passage 
of any fixed star over the meridian, till it returns to it again: or, 
it is the time which the earth takes to revolve once round its ax- 
is, and consists of 23 hours, 56 minutes, 4 seconds, of mean solar 
time. 

Id elementary booka of aalronomy and the globes, the learner ii gaifttHf 
lold that l[ie earth tuma on ita biib from treat to eoat in S4 houiB ; but tbo 
truth is, that it turns on its axis in 23 hours, 56 minutes, 4 seconds, making about 
366 revolutions in 365 days, or a year. The naluril dav would alwaja consiit 
or23 hours, 56 minutes, 4 seconds, instead of 24 hours, ifthe earth had no olhet 
motion than that on its axis ; but while the earth has revolved eastwan] ones 
round its axis, it has advanced nearly one degree* eastward in ita orbit. T» 
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iUastrate this, snppose the sun to be upon any particular meridian at 18 o'clock on 
any day ; in 23 hours, 56 minutes, 4 seconds, afterwards, the earth tvill have per- 
formed one entire revolution ; but it will at the same time have advanced nearly one 
degree eastward in its orbit, and consequently that meridian which was opposite to 
the sun the day before, will be now one degree westward of it ; therefore tne earth 
must perform something more than one revolution before the sun appears again on 
the same meridian ; so that the time from the sun's being on the meridian on any 
day, to its appearance on the same meridian the next day, is 24 hours. 

62. A S01.AR Year, or tropical year, is the time the sun takes 
in passing through the ecliptic, from one tropic, or equinox, till it 
returns to it again : and consists of 365 days, 5 hours, 48 minutes, 
48 seconds. 

63. A SiDERiAL Year is the time which the sdn takes in pas- 
sing from any fixed star, till he returns to it again, and consists of 
365 days, 6 hours, 9 minutes, 12 seconds ; the siderial year is 
therefore 20 minutes, 24 seconds longer than the tropical year, 
and the sun returns to the equinox every year before he returns 
to the same point of the heavens ; consequently the equinoctial 
points have a retrogade motion. 

64. The Precession of the Equinoxes, arises from a slow 
retrogade motion of the equinoctial points from east to west, con- 
trary to the order of the signs, which is from west to east. 

This motion, from the best observations, is about 60^^^ seconds 
in a year, so that it would require 25,791 yearsf for the equinoctial 
points to perform an entire revolution westward round the globe. 

In the time of Hipparchus, and the oldest astronomers, the equinoctial points 
were fixed in Aries and Libra ; but the signs which were then in conjunction with 
the sun, when he was in the equinox, are now a whole sign, or 30 degrees eastward 
of it ; so that Aries is now in Taurus, Taurus in Gemini, &c. as may be seen on 
the celestial globe. Hence also the stars, which rose and set at any particular 
season of the year, in the time of Hesiod|, Eudoxus§, Piinyir,&c. do not answer to 
the description given by those writers. 

three, 365^ D : 360 deg. : : ID: 59^ 8^^ 3, the daily mean motion of the earth in 
its orbit, or the apparent mean motion of the sun in a day. Hence a clock, or chro- 
nometer, the index of which performs an exact circuit whilst the earth (or the me- 
lidian of an observer) moves over 360'' 59^ 8^\ 8, is said to be adjusted to mean solar 
time. 

* In Woodhmtse^s Astronomy, the mean annual precession is stated to be SO''. 34, 
and in the new French Solar Tables 50^. 1. 

t For the circumference of the equator is 360 degrees, and SOj'' : 1 year : : 360^ : 
25,791 years. 

I Uesiod was a celebrated Grecian poet, bom at Ascra in Boeotia, supposed to 
have flourished in the time of Homer ; ne was the first who wrote a poem on Agri- 
culture, entitled The Works and the Days^ in which he introduces the rising and set- 
ting of particular stars, &c. Several editions of his work are now extant. 

§ EuDoxus was a great geometrician and astronomer, from whom Euclid, the 

feometrician, is said to have borrowed great part of his elements of geometry. 
Sudoxus was bom at Cnidus, a town of Caria, in Asia Minor ; he flourished about 
370 years b^ore Christ. 
f Punt, generally called Pliny the Elder, was bom at Verona, in Italy; he 
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97. A Pabaual SrazKB i> ttal postian the earth Im wfaea 
the ratwoal horizon coaicides with the etiiator, die poles boDgn 
the zenttb and nadir. The inbabitaiitfl who lave this poaitkB of 
the Hibere, (if there be any socb inhabttants) Ere at the polea ; it 
is called a paraltel ^rftere, becaaae aO the parallels of IslAide an 
parallel to the horaoa. In a parallel q>beie the son qipeua 
above the horizoa for nx months together, and be is bdow tfas 
horizon for the same length of time. 

68. Ax Obuqee Spherb is that positioa the earth has when 
the rational horizon cuts the equator obliquely, and braice it de- 
rives its name. All inhabitants cm the face of the earth, (except 
those who live exactly at the poles or at the equator,) have this 
position of the mhere. The days and nights are of nneqoal 
Ki^hs, the parallels of latitude beii^ divided into unequal parta 
by the rational horizon. 

69. Climate is a part of the surface of the earth contained be- 
tween two small circles parallel to the equator, and of such a 
breadth, that the longest day in the parallel nearest the pole, ex- 
ceeds the longest day in the parallel of latitude nearest the equa- 
tor, by half an hour, in the torrid and temperate zones, or by a 
month in the frigid zones ; so that there are 24 climates between 
the equator and each polar circle, and six climates between each 
polar circle and its pole. 

From Ihe nbove definition, it appears tbnt ilt places intnaleil an the Mme par- 
allel of latitude are in the same climate ; but we must not infei froia theDce 
that they have the same almoBpherical temperaluie ; large tracts of uncultiva- 
tad landa, *an<|y deierta, elevated silualions, woods, moraeBeB, lakes, &c. have a 
Mntidenble effect on the atmoiphere. For instance, in Canada, in about tha 
latitude of Pant and the south of England, the cold is eo eiceanfa, thai tha 
gTMtest lifers are frozen over from DecemlW to April, and tha sdow conuDoiilj 



MimpiMed t work on natural histoty in 37 books ; it treats of the start, tha beaTens, 
wind, rain, hail, mineraln, tteei!, flowerfi, plants, uirds, fishcB, and beastB ; boaides a 
S*o|[raphical description of every place on the globe, Etc. &c. Pliny perished by an 
eruption of Vesuvius, in (he T9th year of Ghiiat, from too eager cuiiaaity in obaerr- 
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lies from four to six feet deep. The Andes mountaiDS^ though port of them are 
situated under the torrid zone, are at the summit covered with snow, which cools 
the air in the adjacent country. The heat on the western coast of Africa, after the 
wind has passed over the sandy desert, is almost sufibcating ; wluist the same wind 
having passed over the Atlantic Ocean, is cool and pleasant to the inhabitants of 
the Caribbean Islands. 



L CLIMATES between the Equator and the Polar Circles. 


ClimaU. 


Ends in 
Latitude. 


Where 
the long- 
est Day is. 


Breadths 

of the 
Climates. 


Climate. 


Ends in 
Latitude. 


Where 
the long- 
est Day is. 


Breadths 

of the 

CUmate. 




D. M. 


H. M. 


D. M. 




D. M. 


H M. 


D. M. 


I 


8 34 


12 30 


8 34 


Xlll 


59 59 


18 30 


1 32 


n 


16 44 


13 — 


8 10 


XIV 


61 18 


19 — 


1 19 


III 


84 12 


13 30 


7 28 


XV 


62 26 


19 30 


1 8 


IV 


30 48 


14 — 


6 36 


XVI 


63 22 


20 — 


— 56 


V 


36 31 


14 30 


5 43 


XVII 


64 10 


20 30 


— 48 


▼I 


41 24 


15 — 


4 53 


XVIII 


64 50 


21 — 


— 40 


vn 


55 32 


15 30 


4 8 


XIX 


65 22 


21 30 


— 32 


vin 


49 2 


16 — 


3 30 


XX 


65 48 


22 — 


— 26 


rx 


51 59 


16 30 


2 57 


XXI 


66 5 


22 30 


— 17 


X 


54 30 


17 — 


2 31 


XXII 


66 21 


23 — 


— 16 


XI 


56 38 


17 30 


2 8 


XXIII 


66 29 


23 30 


— 8 


xn 


58 27 


18 — 


1 49 


XXIV 


66 321 


24 — 


- 3 


] 


I. CLIMATES between the ] 


Polar Cie 


xLEs and the Poles. | 


OkOMU. 


Ends in 
LatUude. 


Where 
the long- 


Breadths 
of the 


Climate. 


Endsin 
Latitude. 


Where 
the long- 


Breadths 
of the 




est Day is. 


Climates, 




est Day is. 


,%^99ww^^^9^^9 
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The preeediDg tables may be constructed by the globes, as vnll be shown in the 
problems, but not with that exactness given above. Tables of this kind are gener- 
ally cojned from one author into another, without any explanation of the pnociplcp 
o» whidi they «ce founded. 

Construction of the first Table. 

In ftate TV. figure IV. ho represents the horizon, Mq, the 6auator^ S • S a 
parraUel of the son's greatest declination, no the elevation of the pole or latitude 
c^the place; the an^e cab measured by the arc 40. the complement of the lati- 
tude; a 5 is the ascensional difierence, or the time the sun rises before 6 o'dbck. 
and ie the son's declination. Hence by Baron Napier's rules, (see JE«W«8phtiical 
Tiigoaamatfyy) rod. X <<n«a( = coC«i«r«'^ «*(<»' ^fl"^^ NO) Xtangenthe. 



38 DBFiNiTioirs, &c. Part I. 

65. PosmoHS OF the Sphere are Uiree^ right, parallel, and 
oblique. 

66. A RiQRT Spbebe IB that position of the earth where the 
equinoctial passes through the zenith and the nadir, the poles being 
in the rational horizon. The inhabitants who have this position 
of the sphere live at the equator: it is called a right sphere, be- 
cause the parallels of latitude cut the horizon at right angles. In 
aright sphere the parallels of latitude are divided into two equal 
parts by the horizon, and the days and nights are of equal length. 

67. A Parallel Sphere is that position the earth has wnea 
the rational horizon coincides with the equator, the poles being in 
the zenith and nadir. The inhabitants who have this position of 
the sphere, ^if there be any such inhabitants) live at the poles ; H 
is called a parallel sphere, because all the parallels of latitude are 
parallel to the horizon. In a parallel sphere the sud appears 
above the horizon for six months together, and he is below the 
horizon for the same length of time. 

68. An Obuqtie Sphere is that position the earth has when 
the rational horizon cuts the equator obliquely, and hence tt de- 
rives its name. All inhabitants on the face of the earth, (except 
those who live exactly at the poles or at the equator,) have tlus 
position of the sphere. The days and nights are of unequal 
lengths, the parallels of latitude being divided into unequal parts 
by the rational horizon. 

69. Climate is a part of the surface of the earth contained be- 
tween two small circles parallel to the equator, and of such a 
breadth, that (he longest day in the parallel nearest the pole, ex- 
ceeds the longest day in the parallel of latitude nearest the equa- 
tor, by half an hour, in the torrid and temperate zones, or by a 
month in the frigid zones; so that there are 24chmates between 
the equator and each polar circle, and six climates between each 
polar circle and its pole. 

From the above definition, it sppenra (hat all places nCuated on the atme par- 
allel of lalituds ate in ths same climate ; but we must not inrer Trom Ihenca 
thai they have the same atmoapherical temperature ; large tiacte of uncultivm- 
t«d lands, Bandy deaerts, elevated situations, woods, morasses, lakes, &G. have a 
GousiderablB e^ct on the atmosphere. For instance, in Canada, tn about tha 
Jatitude of Paris and the south of England, the cold is bo eicessiTe, that th* 
greatest fivers are fcoien over fiom December to April, and the enow commonly 



composed a work on natural hialo>7 in 37 boofce ; it treats of the stara, the heavens, 
wind, nil), hail, minerals, trees, flowers, plants, iHrds, fishes, and beasts ; besklei ft 

geographical deacriplion of every place on the globe, fiic. &c. Phny perisheci by an 
eruption of Vesuvius, in the 79(h year of Christ, from too eaget curiosily in obaerr- 
ing the phenomenon. 



Chap. I. 



DSFCNITIOICSy &C. 



39 



lies from four to six feet deep. The Andes mountains, though part of them are 
otuated under the torrid zone, are at the summit covered with snow, which cools 
the air m the adjacent country. The heat on the western coast of Africa, after the 
wmd has passed over the sandy desert, is ahnost suflfocating ; whilst the same wind 
havmg passed over the Atlantic Ocean, is cool and pleasant to the inhabitants of 
the Caribbean Islands. 
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n. CLIMATES between the Polar Circles and the Poles. | 




Ends in 
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The pceeoding tables may be constructed by the globes, as will be shown in the 
problems, but not with that exactness given above. Tables of this kind are gener- 
ally cojned from one author into another, without any explanation of the pnociplcp 
o» whidi they «ce founded. 

Construction of the first Table. 

In fllofe rV. figure TV, ho represoits the horizon, Mq, the eouatw^ S • S a 
parnUd of the son's greatest declination, no the elevation of the pole or latitude 
c^the place; the an^e eab measured by the arc q,o. the complement of the lati- 
tude; a 5 is the ascensional difierence, or the time the sun rises befoce 6 o'cKoeki 
end i e the son'i declination. Hence by Baron Napier's rules, (see EeUk^s Sphencal 
Tiig<Hioin0tf7y)rad. X <<n«a( = ^«V^a* (<^<«»f^Ko) X^ftngeiUoe. 



38 rai'uiTioiTs, dec. Part !• 

65. FosFTunn of the Sphere are three: rigbt, parallel, and 
oblique. 

66. A Right Sphere is that position of the earth where the 
equinoctial passes through the zenith and the nadir, the poles being 
in the rational horizon. The mhabitants wbo have this position 
of the sphere live at the equator: it is called a right sphere, be- 
cause the parallels of latitude cut the horizon at ri^t angles. la 
aright sphere the parallels of latitude are divided into two equal 
porta by the horizon, and the days and ni^ts are of equal length. 

67. A ParaliiEL Sphere is that position the earth has when 
the radonal horizon coincides with the equator, the poles being in 
the zenith and nadir. The inhabitants who have this position of 
the sphere, (if there be any such inhabitants) live at the poles ; it 
it called a parallel sphere, because all the parallels of kititude are 
parallel to the horizon. In a parallel sphere the sun appears 
above the horizon for six months together, and he is below the 
bonzon for the some length of time. 

68. An OsLictuE Sphere is that position the earth has when 
the rational horizon cuts the equator obliquely, and hence it de- 
rives its name. All inhabitants on the face of the earth, (except 
those who live exactly at the pwles or at the equator,) have this 
position of the sphere. The days and nights are of unequal 
lengths, the parallels of latitude being divided into unequal parts 
by the rational horizon, 

69. Climate is a part of the surface of the earth contained be- 
tween two small circles parallel to the equator, and of such a 
breadth, that the longest day in the parallel nearest the pole, ex- 
ceeds the longest day in the parallel of latitude nearest the equar 
tor, by half an hour, in the torrid and temperate zones, or by a 
month in the frigid zones ; so that there are 24 climates between 
the equator and each polar circle, and six climates between each 
polar circle and its pole. 

From the tbeve delinition, it appears that all places siloated on the same par- 
allel or Uliluda are in the same climate ; but we must not inier from thence 
that th«y have the aamo atmospherical temperature ; large tracts of uncnlliva- 
t*d landa, aandv deaerts, elevated sllualions, woods, morasaes, lakes, &o. have > 
considerabla efbct on the atmosphere. For instance, in Canada, in about tbtt 
Utituda of Paria and the south of England, the cold ia so eicesaiTe, that tha 
greateit riven are froieD over tiom Decemlx^ lo April, and the mow comnioiiJj 



oonposed a work on natural history in 37 books ; it treats of the atan, the hearens, 
wind, rain, hail, minerals, trees, flowers, plants, birds, Sabes, and beasts^ baaUea k 
■•ogitphical description of BT^ placoon the globe, &c. &c. Plinj peiuhedbjan 
•niplionof VMuniiB,iatlieT9tby«aiof Chhtt, &om too esigercaniNB^inobMr^' 



Chap. I. 



DSFINITIOICSy &C, 



39 



lies from four to six feet deep. The Andes mountaiDS, though port of them are 
situated under the torrid zone, are at the summit covered with snow, which cools 
the air in the adjacent country. The heat on the western coast of Africa, after the 
wind has passed over the sandy desert, is ahnost sufibcating; whilst the same wind 
having passed over the Atlantic Ocean, is cool and pleasant to the inhabitants of 
the Caribbean Islands. 



L CLIMATES between the Equator and the Polar Circles. 
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D. 
59 
61 
62 
63 
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65 
65 
66 
66 
66 
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M. 
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18 
26 
22 
10 
50 
22 
48 
5 
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29 
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est Day is. 
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n. CLIMATES between the Polar Circles and the Poles. 
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The pceeoding tables may be constructed by the globes, as will be shown in the 
pioblems, but not with that exactness given above. TaUes of this kmd are gener- 
ally cojned from one author into another, without any ezplanatloQ of the principlcp 
o»wJiidi they «ce founded. 

Construction of the first Table. 

In piste rV. figure FV. ho represents the horizon, Mq, the eouator^ S • S a 
parraUel of the sun's greatest declination, no the elevation of the pole or latitude 
c^the place; the an^e cab measured by the arc 40. the complement of the lati* 
tode; a 5 is the ascensional diflerence, or the time the sun rises before 6 o^cKoek* 
andisthesim'sdeclination. Hence by Baron Napier's rules, (see JE«iM^«Sph«iical 
TngiwaMtAtj,) rod. K^iM ah == cotangent a* {or to^ Xtangentbo. 



38 DKHNrnoNS, &c. Part I. 

65. PosmoHS or the Sphere are Uiree : right, parallel, and 
<AIique, 

66. A Right Sphere is that position of the earth where the 
equinoctial passes through the zenith and the nadir, the poles being 
in the rational horizon. The inhabitants who have this position 
of the sphere live at the equator : it is called a right sphere, be- 
cause the parallels of latitude cut the horizon at right angles. In 
aright sphere the parallels of latitude are divided into two equal 
ports by the horizon, and the days and ni^ts ore of equal length. 

67. A ParaliiEI. Spheoe ia that position the earth has when 
the radonal borizoo coincides with the equator, the poles beii^ in 
the zenith and nadir. The inhabitants who have this portion of 
the sphere, (if there be any such inhabitants) live at the poles ; it 
is caDed a parallel sphere, because all the parallels of latitude are 
parallel to the honzon. In a parallel sphere the sun appears 
above the horizon for six months together, and he is below the 
iKirizon for the same length of time. 

68. An Oblique Sphere is that position the earth has when 
the rational honzon cuts the equator obliquely, and hence it de- 
rives its name. All inhabitants on the face of the earth, (except , 
those who live exactly at the poles or at the equator,) have tms 
position of the sphere. The days and nights are of unequal 
lengths, the parallels of latitude being divided into unequal fkrta 
by the rational horizon. 

69. Clihat£ is a part of the surface of the earth contained be- 
tween two small circles parallel to the equator, and of such a 
breadth, that the longest day in the parallel nearest the pole, ex- 
ceeds the longest day in the parallel of latitude nearest the equar 
tor, by half an hour, in the torrid and temperate zones, or by a 
month in the frigid zones ; so that there are 24 climates between 
the equator and each polar circle, and six climates between each 
polar circle and its pole. 

From the nbove definition, it appeare that ill places situated on the same par- 
allel of latitude ate in the same climate ; but we must not mrer fnim thenc* 
that the; have the same atmoapherical temperature ; large tracts of uncultivs- 
ted lands, aandv deserlB, elevated situations, woods, morasaeB, lobes, &c. have ■ 
considerable edect on the atmosphere. For instance, in Canada, in about tba 
latitude of Paris and the south of England, the cold is so eicessiTe, that th* 
greatest tiTen are frozen over from December to April, and the bdow commonly 



compomd 



■.work en natural history in 37 books ; it treats of lbs stan, the heaTetu; 
, hail, minerals, trees, flowers, plants, birds, fishes, and beasts ; besidea a 
geographical description of even place on the globe, &c. &c. Pliny penned b;«n 
eruption of Vesuvius, in the 79th year of Chiist, from too eager cariosity in ohMtr- 
ing llie phenomenon. 



Ch^h 



DEFINITIONS, &C. 



39 



lies from four to six feet deep. The Andes moimtains, though part of them are 
mtuated under the tomd zone, are at the summit covered with snow, which cools 
the air m the adjacent country. The heat on the western coast of Africa, after the 
wind has passed over the sandy desert, is ahnost suffocating j whilst the same wind 
having passed over the Atlantic Ocean, is cool and pleasant to the mhabitants of 
the Canbhean Islands. 
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The pveeeding tables may be constructed by the globes, as wiU be shown in the 
problems, but not with that exactness given above. Tables of this kind are gener- 
ally copied from one author into another, without any explanaHoQ of the pnii^^lcp 
o»iiHiidi they are founded. 

Construction of the first Table. 

In elate IV. figure FV. ho represents the horizon, m^ the equatw^ S • S a 
pamulel of the son's greatest declination, no the elevation of the pole or latitude 
of the place; the an^^e cab measured by the arc 40. the complement of the lati- 
tude; a 5 k the ascensional difierence, or the time the sun rises before 6 o'clock, 
and h ethe soi^ dedination. Btonce by Baron Napier's rules, (see EtMs Spheflcal 
Ti^^CMMMnstiyy) rod. X ^^ a ^ = coton^enl a* (or toKigtnJt no) X Ungtfnlt i c 



40 DBFiHinoNs, &c. Part t, 

*ii> TangODt of the wio's gretleal decliaftlioii S3° iff. 
Ii to ndius, sine of 90 degrees ; 
•It ilni ^ Iht tun't OKtarimal mtrtHci, 

U te Imj-nd i^UStutt A. geaenl mis. 

At the end of the tint climate the aunrisea i before 6: iind id erery dimmte, if 
yaa lake half the length of the longeat da;, and deduct 6 boun thetofioni, tbe re- 
mainder turned into dpgreos will give the ascenaional diKrence. Uraca the 
uoenaional diffiiroiico, fnrlheliral dimale, isGneen nunutea of time, equal to 3° 45'; 
(hr the aooond climate 30 niinutea = T' 30* ; for the third chmale 45 miaolea ^ 
11* 15' j foi the (uurlh diniito 1 hour =^ 15°, &c. 

Tangent of M-Sft' 9.63761 M Tangent of 13° B- 9.63761 

la to r«diu«, aiiie of 90° taOOOOO la to radius, aine of 90° 10.00000 

Ai aine of S» 43'. S.eii60 Aa aine of 7^ Sff 9.11570 

I>totM>g.1at.8»3f 9.17799 || Is to tang. Ut 16<> 44' 9.47S09 

CwHtriKliHt V** ScTMi raUt. 



,„- --■•'* Jevlilialiult aiiawvriim tu Ihoee two dan in the naalical almanac, ol 

UUo uj' lllB aiiii'a liwliilaliun j add iho two decliDalioos (ogetbet, and dinde their 
«umby il, aulutrttOl (hei)at>ttonlfn>ni9»drgTeM,Bnd tbe remuodar is the latitude. 
A* Iho auii'n dw>linKlii>n i« varMblr.ilouffat lobe t^en oat of tbe a hn a iwc , or 
llhloK, I(U 1mi|> .VMt and lh» ihioe fiillainng T«rs, a nteaD of tbeM dednuUiona, 
uaml aaabuviK will ll>^ll>elatilud« as ruirtclu the natureof the problem adimta 
ui; ■III! Ill Ihiii iiMuuet Iha an-Mid lahlx wax nuistiucted. Ricciou, (an Ilalian 
aatroiiuuiiMf Miiil iimlhuuuititian, bamal >VrTara,in llMPo|ic'idoaMnioiu,1596^) in 



Nil mill |iharu lit a Mhlu uf vhnialiw. Ue conaiden the increaae of dan to btt 
by hall' hiiura, Itoiu Id l» Id h»unt hr huun, from 16 toSOboan; brSboo*^ 
Aunt Ml til 'ii liKuia ; t.\\A hv iiHuith* in the frigid lonea, making tbe nrnDbw <rf'lho 
il«>a ul' vai-h iiiiiiilh ill liie'iiiiilh iTigiil loiif MiurlhtDg more than those io 11m 
Miulhi hul HI Ihu ri'lWliiiit i>f the aliiuiaphere is st> ciliem^v nriahle, that acarce- 
ly any livu iualhuaalii-iai» agrwi with r««|>e<,-t to the tjuantitj, it ia ertdenl that a 
(able 4d'oliuialua, oaluulaled with lucb an uoceitua alluKaiic^ can be of aonw- 
twial advantage, 

70, A ZnriH is a portion of the sur&ce of the earth contained 
between two small circles parallel to the etjuator, and ia similar 
to the term climate, for pointing out the situations of places oa 
the earth, but less exact ; as there are only^te zones, which have 
been distinguished by particular names; whereas there are 60 



71, The ToRBiD Zonb extends from the tropic of Cancer to 
the tropic of Capricorn, and is 46° 56' broad. This zone was 
thought by the ancients to be uninhabited, because it is contin- 
ually erposed to the direct rays of the sun ; and such parts of 
the torrid zone as were known to them were sandy deserts ; as, 
the middle of Africa, Arabia, &c, ; and those sandy deserts which 
extend beyond the lefl bank of the Indus, toward Agimere. 

73. The Two Tbhferate Zohes. The north temperate zone 
extends from the tropic of Cancer to the arctic circle ; and the 
south temperate zone from the tropic of Capricorn to the antarc- 
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tic circle. These zones are each 43° 4' broad, and were called 
temperate by the ancients, because meeting the sun's rays ob- 
liquely, they enjoy a moderate degree of heat. 

73. The Two Frigid Zones. The north frigid zone, or rather 
segment of the sphere, is bounded by the arctic circle. The north 
pole, which is 23° 28' from the arctic circle, is situated in the cen- 
tre of this zone. The south frigid zone is bounded by the antarc- 
tic circle, distant 23° 28' from the south pole, which is situated in 
the centre of this zone. 

74. Amfhisch are the inhabitants of the torrid zone ; so called, 
because their shadows fall north or south at different times of the 
year ; the sun being sometimes to the south of them at noon, and 
at other times to the north. When the sun is vertical, or in the 
zenith, which happens twice in the year, the inhabitants have^oo 
shadow, and are then called Ascn, or shadowless. / '^•'' 

75. HETERoscn is a name given to the inhabitants of the tem- 
perate zones, because their shadows at noon fall only one way. 
Thus, the shadow of an inhabitant of the north temperate zone 
always falls to the north at noon, because the sun is then due 
south ; and the shadow of an inhabitant of the south temperate 
zone falls towards the south at noon, because the sun is due north 
at that time. 

76. PERiscn are those people who inhabit the frigid zones, so 
called, because then* shadows, during a revolution of the earth on 
its axis, are directed towards every point of the compass. In the 
frigid zones the sun does not set during several revolutions of the 
earth on its axis. 

77. AifTCECi are those who live in the same degree of longitude, 
and in equal d^rees of latitude, but the one in north and the other 
in south latitude. They have noon at the same time, but contrary 
seasons of the year ; consequently the length of the days to the 
one, is equal to the length of the nights to the other. Those who 
live at the equator can have no Antceci. 

78. Periceci are those who live in the same latitude, but in op- 
posite longitudes ; when it is noon with the one, it is midnight 
with the other ; they have the same length of days, and the same 
seasons of the year. The inhabitants of the poles can have no 
Perioeci. 

79. Antipodbs are those inhabitants of the earth who live di- 
ametrically opposite to each other, and consequently walk feet to 
feet ; their latitudes, longitudes, seasons of the year, days and 
nights, are all contrary to each other. 

80. The Right Ascension of the sun, or of a slar, is that de- 
gree of the equinoctial which rises with the sun, or star, in a right 



' ' '^ -'-'- -•: "-v::ai point Aries eastward 

■ ^ -,-i • : •.. <_ -. ;r ,-:'a star, is that degree 

■*- ■-: *■-:: cr i:ar. in an oblique 

- • . Ts. ,■■-.; V, ■:•- Lj;- pxEi .iries eastward 

'■ ' 1. - • -.- rt sii: .c KLT.r.En c*':iliq'je sphere. 

-■*.-,',-* •■> ,'a*, j,vsi;i\».i IhiTEKistE is the 

'- ••* \ „■■■- :"»i .on.im cs.-rsKsi.iT.. or lie difler- 

•- ■,. ■. .::'. .i:i;i,i:«-. .■i;'s.-^':wi,->r., tmLwci rsjc^ct 

■ > :>, .ii-. jt. -«*:«--.•¥ D m the fipraic u; shu- 

• N-i I- t It ;!v i.iir,.=:x snd winter. 

. -.■-. x: ..V -ir TwiLiuHT, is tliut faint Isrii: "viiich 
•v ■»,»-, V s..i-r^5.aHdafH:rlii'sits. It is~f.-:.;iiet!d 
» 'ii'i :v ,->; rclrattfcl in ilii-ir |>ii!<MiijTe thrc>un ^lae 
>^s■.lv.^. /.Lvl riiliicltd fruni tiiu liiHcrcnt parazaM 
'^ «,!;£■•; :s ^iuppnscd to end in the cvL-nins wien 
■* .*.-<\v> :v!ow tlieliorizon.orwhonNlarsoribeanh 
. 'v v.\^ 'i-si thai art visibk to the naked eye) beeu 
' \ iS- iwi^ii:!!! ia Slid to begin in tlic morning, or it 
» \m i!u' snn is a^in within 18 dcgrcea of the hori- 

• w ■■ v'ln 1^ i!io shi'riost at the equator, and longest at 
■>-:\' IS' Mill l^ inMr iwi> months before he retreats 18 
.'« 11^' lu'i 11,^11. or U' till- point where his mys are first 
>• >:i.' .iim.'^|.|»iv; (iiid ho is only two months more 
>'«>'■■ II it),- ^.||||,■ |>itr.illo]orhititiide. 

. »> » »o\ riio oiiilli i* siirivmidcd by n body of air, 
*«.'.iiii.,i,..ilii,.iii;h\\hiohllioniys of light come to the 
ill. lu.ii, iil\ l^^ll>■^ ; iiiid siiioo tln'su ruyaare admit- 
1 . ■ . ^ ..I <ii Im-1 tliiMiii;!! II voiT nin- nu^ilium*, and 
\ iii'.'ii il<.' ,iiii>M- I'lioio, \\ iiiob is II (lonne medium, they 
U» ' .>i .i|>ii. ■■, l<o ivliiii'ioiliii linos approaching near- 
I'li.li. iil.ii hoiii ibo pUiio oriboolisoner (or nearer to 
li III ill. ^ \t.iiiKI Iv \\oi>' llio niodinm to l>e removed. 
I li,..it .'iiK l>,«,li, ■. .lopiMi' hijior llcui llk>y really are, 
ivi I Ik I .no it> ilio lit'iio'it tho ^rvator iIh; refraction, 
< l<i iiix'ii ili> II .i|>|vii\'iii iiiiilinioaltitiidos,willbe; at 
t.ii lion 1' ibo 1i iM riioKiiiitiihl tho moon appear of 
III. iiiii.>>'iii'.ii i1u-lioii;.>ii, bv [^'asonofrofraction; 
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for the under side being more refracted ttian the upper, the per- 
pendicular diameter will be less than the horizontal one, which is 
not aSected by refraction. 




- ,.-,- ,-.. Thu*, _ . 

bo the boundary between two media, of whicb the lower one ie the denser, then a 
nfoflight SB, inBtesd or pureurng its directioD Sam, is deflected in the direction be, 
uid aetftr, ineteu] of appearing at a, would appear at t, that is nearer to a perpen- 
ilicntar bp, meeting a tan^nt xt at the point of incidence b. Again, if dep be a 
Nmilar boundary, separating the rarer medium contained between lac and DRr 
rrom the denser medium contained between def and qui, the ray ofUgbt inBtead of 
pursuing its new course sen will be again deflected in the direction eb : and similar 
eflectB will be produced if more media and their boundaries be added. Hence, > 
nyof light,iQBteadof being a continued straight tine, is broken into parts be, eh, 
Wi^ inclined to each other at the angles, ber, ebl, kx. If we suppose these media 
to be indefinitely increased, and tbeir boundaries to approach each other by spaces 
eilremely smal^ tho parts be, eh, hi., nia;f be considered as curvilinear, and the 
course ofa ray, instead of being polygonal, wiQ be a curve, concave towards the den- 
«er medium. Thia may be more adequately represented hy the following figure. 

Here the media are no longerpai- 
celled ont into diSerenl jtrota of va- 
riable den^ty, but are considered as 
one medium of a density continually 
varying ; soch is ths earth's atmos' 
phert^ the most dense at its surface, 
and decreasing towards the higher 
tegions. A ray of light will conse- 
quently, in its passage through the 
kImoBidiere, bedeflectedinlDacnrve 
eoncave towards the earth's surface, 
and will enter b spectator's eye in 
the Erection of a tangent to that 
curre ; » alar will, thnelbra appau in that diiedioo. 
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Lei botho |Jue oTanoIiurTer, hok huhornon, and bi 
tha earth, Tonned by a vertical plane puiine thrauili the atar at ■ and the o 
(o) of tha eaith. Here t ii the apparent place of the atar, and • its tnia pkace { 
the angle eoa it the apparent altitade of lbs ■tar, &nd the angle Boa ita tnie ahi- 
tilde, the angle toi, therefore ia the retraction. Irtha itar wereat a, the wmlb of 
the obBorrer, iti hetehl would BufTer no rerraction. ReTraction depeoda DpoOK 
Blai** altitude and the height* of the barometer and tfaerraotneter ; m. upon tba 
height oHhe objucl,aDd the state of the stnwapbere ; henca weBometimesareabto 
to Bee the tops of mountains, towers, or apirel of ehorches, which at other timM 
are imiiible, though we Btand in the Bame place. Theancuntaknewnothidgaf 
refraction, the first who composed a table thereof waa Tifeka Bralu. The tahla 
now in common use was constructed by Dr. Bndlejr*, or jrom his fbrmnla, bang 
the result of many trials, conjecture*, and experimenls. In the Nautical AIniaiMW 
for IBS!, there is a table of refractionB, calculated from an ingentoiia tbrmnla, n- 
iJainedby Tr-Young, in the Philosophical Tiaoaactioni for 1S19. 

Thr sun's meridianalliludcanlhelongestdajdecrcaBeefrom the tropic of Canoar 
to the north pole ; and in (he torrid tone, whea tlw aun ii vertksl tbeie i* do m- 
fractian j hance the refraction ii the least bt the torrid looe, and naKlest at Um 
peakingoTthawinteringarilioDiMtbinNofs 
le year 1996,sayi they taw Ihesmi in the yew 1607 



•ix days sooner thsn they would li«Te se 



riin^ had tbeca been no tefiaettoo. 



86. Parau^x. That part of the heavens in which a planet 
would appeart if viewed from the aitrface of ii» earth, !• called 
its apparent place ; and the point in which it would be seen at the 
same instant from the centre of the earth is called its tnw place ; 
thedifierence ia the parallax. A fixed star, on account (d'itsgreat 
distance from the earth, has no sensible parallax. 

Let c be tho centre of the esKh, o tha 
place of an observer on its HurTacc whose 
BOnsible horizon iaHoa.andienith i. Then 
if xni-ma bo a portion of a vertical circle in 
the heavens, and s the rest place of any ob- 
ject in the horizon, if cs he joined and pro- 
duced to m, it will ehow Ihc true place ofa ; 
the angle msH. or csois the paraliai. Ilenco 
the allitudes of the celestial bodies are de- 
pressed by piralloi, which ii the greelest 
•t the horizon, and dcctesacs as the altitude 
of the object tncrcescs ; for the angle con is 
sreater than the angle cos, consequently the angle 
At the icnith I the angle ovc vanisnes, an ' " 

87. Anolb of Position between two places on the terrestrial 
globe, is an angle at the zenith of one of the places ; formed bv the 
meridian of that place, and a vertical circle passing through the 
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other place, being measured on the horizon from the elevated 
pde towards the vertical circle. 

The Angle or position of a star, is an angle fonned by two great circles 
intersecting each other in the place of the star, the one passing through the pole of 
the equinoctial, the other through the pole of the echptic. This angle may be 
compated from the obliquity of the ecliptic, and the co-latitude and co^ecUnation 




88. Rhumbs are the divisions of the horizon into 32 parts, 
called the points of the compass. The^ ancients were acquainted 
only with the four cardinal points, and the wind was said to blow 
from that point to which it was nearest. 

A Rhumb fine geometrically speaking, is a loxodromic or spiral curve, drawn, 
or supposed to be drawn, upon the earth, so as to cut each meridian at the same 
angle, ealled the proper angle of the rhumb. If this line be continued, it will 
never return into itself so as to form a circle, except it happens to be due east and 
west, or due north and south ; and it can never be a straight line upon any map, 
except the meridians be parraliel to each other, as in Mercator's and the plane 
chart. Hence the difficulty of finding the true bearing between two places on the 
terrestrial globe, or on any map but those above mentioned. The bearing found 
by a quadrant of altitude on a globe, is only the measure of a spherical angle upon 
the surface of that globe, as defined by the angle of posUianf and not the real bear- 
ing or rhumb, as shown by the compass ; for, by the compass, if a place a bear due 
east from a place b, the place b will bear due west from tne place a ; but this is not 
the case when measured with a quadrant of altitude. 

89. The Fixed Stars are so called because they have usuallv 
been observed to keep the same distance with respect to eacn 
other. The stars have an apparent motion from east to west, ia 
circles parraliel to the equinoctial, arising from the revolution of 
the earth on its axis, from west to east ; and, on accout of the 
precession of the equinoxes, their longitudes increase about 50 1-4 
seconds in a year ; this likewise causes a variation in their decli* 
nations and right ascensions : their latitudes are also subject to a 
small variation. 

90. The Poetical Rising and Setting op the Stars, so 
called because they are taken notice of by the ancient poets, who 
referred the rising and setting of the stars to the sun. Timer, 
when a star rose with the sun, or set when the sun rose, it was 
said to rise and set Cosmically. When a star rose at sun-setting, 
or set with the sun, it was said to rise and set Acronically. 
When a star first became visible in the morning, after having been 
80 near the sun as to be hid by the splendor of his rays, it was 



* Hioy'8 Nat Hist lib. n. chap. 47. 
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said to Rise Hbucallt ; and when a star first became invisible 
in the evening, on account of its nearness to the sun, it was said 
to Set Helically. 

91. A Constellation is an assemblage of stars on the surface 
of the celestial globe, circumscribed by the outlines of some as- 
sumed fimire, as a ramy a dragon, a bear, &c. This division of 
the stars mto constellations is necessary, in order to direct a per- 
son to any part of the heavens where a particular star is situated. 




The following tables contain all the constellations on the British Globes. 
XODIACAL constellations are 12 in number, the northern constellations 35, and 
the SOUTHERN 47, making in the whole 94. By adding together the numbers of 
stars in the first columns of the following tables, the total will be found to be 3457 ; 
of this number there are only 19 of the first magnitude, and 422 cannot be seen at 
London. The largest stars are called stars of the first magnitude. Those of the 
■xth magnitude are the smallest that can be seen by the nt&ed eye. The figurea 
on the left hand of the tables show the number of stars in each constellation, firom 
tUmsteatPs Cataloffue ; R denotes right ascension, D declination of the middle of 
the several consteUations, for the ready finding them on the globe. The modem 
constellations are distinguished from the ancient by an asterisk. 

I. Constellations in the Zodiac. 




Garnet qfthe ConsteUations, and of the ptincipal Stars 
in each, voUh thdr magnitudes. 



66. Aries, The Ram, Arietis 2, . • 

141. Taurus^ The BuU, Aldebaran 1, the Pleiades, the Hyades, 

85. Gemim, The Ttoins, Castor 1, Pollux 2, 

83. Cancer, The Crab, Acubene 4, . . 

95.- Leo, The Lion, Regulus or CorLeonis 1, Deneb2, 
110. Virgo, The Ftrgm, Spica Virginis 1, Vendemiatrix 2, 

51. Libra, The Balance, Zubenich Meli 2, 

44. Scorpio, The Scorpion, Antares 1, 

69. Sagittarius, The Archer, 

51. Capricorn us. The Goat, 
108. Aquarius, The Water Bearer, Scheat 3, 
113. Pisces, The Fishes, 

n. The Northern Constellations. 

66. Andromeda, Mirach 2, Almaach 2, 
71. Aquila, The Eagle, with Antinous, Altair or Atair, 1, 
25. Asterion et Chara'*', vel Canes Venatici, The Chreyhcmds, 
66. Auriga, The Charioteer or Waggoner, Capella 1, 

54. Bdotes, Arcturus 1, Mirach 3, 

58. Camelopardalus*, The Comehpard, 

59. Caput Medusffi, The Head of Medusa, and Perseus, 

55. Cassiopeia, The Lady in her Chair, Schedar 3, 
35. Cepheus, Alderamin 3, 

— Cerberus, The Three-headed Dog, and Hercules, 
43. Coma Berenices, Berenice's Hair, 

3. Cor Caroli*, CharUs Heart, 
21. Corona Borealis, TheJ^orthem Crown, Alphacca 2, 
81. Cygnus, The Swan, Deneb Adige 1, 



R. D. 



30. 


22 N.- 


65. 


16 N. 


111. 


3a N. 


128. 


20 N. 


150. 


15 N. 


; 192. 


5 N. 


226. 


8 S. 


244. 


26 S. 


285. 


35 S. 


310. 


20 S. 


335. 


4 S. 


5. 


10 N. 


15. 


35 N. 


295. 


8 N. 


200. 


40 N. 


75. 


45 N. 


212. 


20 N. 


68. 


70 N. 


44. 


40 N. 


12. 


60 N. 


338. 


65 N. 


271. 


22 N. 


185. 


26 N. 


191. 


39 N. 


235. 


30 N. 


• 308. 


48 N. 
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Garnet of the ConateUations and ofiheprineiptd Stati 
in each, toUh their magnitudea. 



R. D. 



308. 


15 N. 


270. 


66 N. 


316. 


6 N. 


245. 


22 N. 


336. 


43 N. 


. • 150. 


35 N. 


111. 


SON. 


283. 


38 N. 


225. 


5 N. 


40. 


27 N. 


340. 


14 N. 


46. 


49 N. 


295. 


18 N. 


275. 


10 S. 


235. 


10 N. 


260. 


13 N. 


275. 


7 N. 


27. 


32 N. 


31. 


29 N. 


2, 153. 


60 N. 


235. 


75 N. 


300. 


25 N. 


30. 


75 N. 



18. Delphinos, The Dolphin^ 

80. Draco, The DragoUy Raqtabeti 2 

10. Equulus, The LUOe Horse, 
113. Hercules, vu(e Cerberus, Ras Algethi 3, 

16. Lacerta*, The Lizard, 

53. Leo Minor'^, The Little Lion, 
44. Lynx*, The Lynx, • 
22. Lyra, The Harp, Vega or Wega 1. 

1 1. Mods Moenalas The J^ountaki J^emahu, 

6. Muaca*, The Fty, 
89. Pegasus, The Flying Horse, Markab 2, Scheat 1, 

Perseus, vide Caput Medustz, Algenib 2, Algol 2, 
18. Sagitta, The .Orrow, 

8. Scutum Sobieski* SoHeski^s Shield, 
64. Serpens, The Serpent, 
74. Serpentarius, The Serpent Bearer, Ras Alhagus 2, 

7. Taurus Poniatowski*, The Bull of Poniatowski, 
11. Triangulum, The Triangle, 

5. Triangulum Minus, The Little Triangle, 
87. Ursa Major, The Great Bear, Dubhe 1, Alioth 2, Benetnach 2, 
24. Ursa Minor, The LittU Bear, Polar Star, or Alnikabah 2, 
37. Vulpecula et Anser*, The Fox and Goose, 
W, TamnduB*, The Rein Deer, 

To the preceding list of northern constellations, foreign Mathematicians have 
added Le Messier, Taurus Regalis, Fredericks Ehre, Frederick's Glory, Tubus 
Herschelii Major, HerscheVs Great Telescope, 

in. The Southern Constellations. 

1 1. Apus yel Avis Indica*, The Bird of Paradise, 

9. Ara, TheJUtar, • 
64 Argo Navis, The Ship JSrgo, Canopus 1, 

3. Brandenburgium Sceptrum*, The Sceptre of Brandmburgf 
31. Canis Major, The Great Dog, Sirius 1, 
14. Canis Minor, The Little D^, Procyon 1, 
36. Centaurus, The Centaur, 
97. Getus, The Whde, Mencar 2, 
10. Chameeleon*, The Camdeon, 

4. Circinus*, The Compasses, 
10. Columba Noachi*, ^Toah's Dove, 

12. Corona Australis, The Southern Croum, 
9. Corvus, The Crow, Algorab 3, 

31. Crater, The Cup or Goblet, Alkes 3, 

6. Crux*, The Cross, 

7. I>orado orXiphias*, The Sword Fish, 
& EquulevmFicionw^ The Painter's Easd, 

84. Endanus, The Rioer Po, Achemer 1, 

14. Fornax Chemica*, The Furnace, 

18, Grus*, The Crane, 

15. Horologium*, The Clock, 
6a Hydra, The Water Serpent, Cor Hydne 1, 
10. Hydnis*, The Water Snake, 
12. Indus*, The Indian, 

19. Lepus, The Hare, • 

54. Lupus, The Wolf, 
3. Machin.a Pneumatica*, The Air Pump, 

10. Microscopium*. The Microscope, 
31. Monoceros*, The Unkom, 



252. 


75 S. 


255. 


55 S. 


115. 


50 S. 


67. 


15 S. 


105. 


2oa 


110. 


6N. 


200. 


50 S. 


25. 


12 S. 


175. 


78 S. 


222. 


64 S. 


85. 


35 S. 


278. 


40 S. 


185. 


15 S. 


168. 


16 S. 


183. 


60 a 


76. 


62 S. 


84. 


55 S. 


60. 


10 S. 


42. 


30 S. 


330. 


45 S. 


40. 


60 S. 


139. 


8 S. 


28. 


68 S. 


315. 


65 S. 


80. 


18 S. 


230. 


45 S. 


150. 


32 a 


315. 


36 S. 


110. 
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Barnes of the ConsteUaHons^ and of the principal Stats 
in each, with their magnitidea. 



R. D. 



30. Mods Mensae*, The Table JtfoufUatn, 
4. Musca Australia, vel Apes*, The Southern Fly or Bee, 
12. Norma vel Ctuadra Euclidis*, Euclid^s Square^ 
43. Octans Hadleianus*, Hadley^s Octant, 

12. Officina Sculptoria*, The Sculptors Shop, 
78. Orion, Betelgeuz 1, Rigel 1, Bellatriz 2, 
14. Pavo*, The Peacock, 

13. Phoenix*, . • 
S4. Piscis Notius, vel Australia, The Southern Fish, Fom^aut 1, 

a Piacis Volans*, The Flying Fish, 
16. Praxiteles, vel cela Sculptoiia*, The Engraver's Tools, 

4. Pyxis Nautica*, The J^ariner^s Compass, 
10. Reticnlus Rhomboidalis*, The Rhomboidd J^et, 
12. Robur Caroli*, Charleys Oak, 
41. Sextans*, The Sextant, 

9. Telescopium*, The Telescope, 

9. Touchan*, The American Goose, • 

5. Triangulum Australis", The Southern Triangle, 
— Xiphias*, vide Dorado, 

Foreign mathematicians have added to thepreceding list of southern constella- 
tions. Solitaire, an Indian Bird; Psalterium Georgianum, The Georgian P$€dtery ; 
Tubus Herschelii Minor, HerschePs Less Telescope i Montgolfier's Balloon ; The 
Press of Guttenberg ; and the Cat. 



76. 


73 S. 


185. 


6S S. 


242. 


45 S. 


310. 


80 S. 


3. 


38 S. 


SO. 





302. 


6S S. 


10. 


60 S* 


335. 


30 S. 


127. 


68 S. 


68. 


40 S. 


130. 


30 S. 


62. 


62 S. 


159. 


50 S. 


145. 





278. 


50 S. 


359. 


66 S. 


238. 


65 S. 


75. 


62 S. 



ExplanaHon of the different emblemaHcal Figures delineated on the Surface of the 

CeUstial Globe, 

I. THE CONSTRUCTIONS IN THE ZODIAC. 

It is conjectured that the figures in the signs of the zodiac are descriptiye of the 
seasons oi the year, and that they are Chaldean or Egyptian hieroglyphicfl^ intrad- 
ed to represent some remarkable occurrence in each month. Thus tne spnoff signs 
were distinguished for the production of those animals which were held in the 
greatest esteem, viz. the sheep, the black-cattle, and the goats ; the latter being 
the most prolific, were represented by the figure of Gemini. — When the sun enters 
Cancer, he discontinues his progress towards the north pole, and begins to return 
back towards the south pole. This retrograde motion was represented by a Crab, 
which is said to go backwards. The heat that usually follows in the next month 
is represented by the Lion, an animal remai^able for its fierceness, and which, at 
this season, was frequently impelled, through thirst, to leave the sandy desert and 
make its appearance on the banks of the Nile. The sun entered the 6th sign about 
the time oi narvest, which season was therefore represented by a virgin, or female 
reaper, with an ear of corn in her hand. When the sun enters Libra, the days and 
nignts are equal all over the world, and seem to observe an equilibrium, like a 
buance. 

Autumn, which produces firuits in great abundance, brings with it a variety of 
diseases ; tiiis season is represented by that venomous animal the Scorpion, who 
wounds with a sting in his tail as he recedes. The fall of the leaf was the season 
for hunting, and the stars which marked the sun's path at this time were repre- 
sented by a huntsman, or archer, with his arrows ana weapons of destruction. 

The Goat, which delights in climbing and ascending some mountain or preci- 

8 ice, is the emblem of the winter solstice, when the sun besins to ascend from 
tie southern tropic, and gradually to increase in height tor the ensuing half 
year. 
Aquarius, or the Water-bearer, is represented by the figure of a man pouring 
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oat water from an arn, an emblem of the dreary and uncomfortable season of 
winter. 

The last of the zodiacal constellations was Pisces, or a couple of fishes, tied back 
to back, representing the fishing-season. The severity of the winter is over, the 
flocks do not afford sustenance, but the seas and rivers are open, and abound with 
fish. 

The Chaldeans and Egyptians were the original inventors of astronomy ; they 
registered the events in their history, and the mysteries of their religion among the 
stars by emblematical figures. The Greeks displaced many of the Chaldean con- 
stellations, and placed such images as had reference to their own history in their 
room. The same method was followed by the Romans ; hence the accounts given 
of the signs of the zodiac, and of the constellations, are contradictory and involved 
in fable. 

n. THE NORTHERN CONSTELLATIONS. 

Andromeda is represented on the celestial globe by the figure of a woman 
almost naked, having her arms extended, and chained by the wrist of her right arm 
to a rock. She, was the daughter of Cepheus, king of Ethiopia, who, in order to 
preserve his kingdom, was obliged to tie her naked to a rock near Joppa, now Jafl&, 
in Syria, to be devoured by a sea-monster; but she was rescued by Perseus, in his 
return from the conquest of the Grorgons, who turned the monster into a rock by 
showing it the head of Medusa. Andromeda was made a constellation after her 
death, by Minerva. 

Antinous was a youth of Bithynia, in Asia Minor, a great favourite of the em* 
peror Adrian, who erected a temple to his memory, and placed him among the con- 
stellations. Antinous is generally reckoned a part of the constellation Aquila. 

Aquila is supposed to have been Merops, a king of the island of Cos, one of the 
Cyclades ; who, according to Ovid, was changed into an eagle, and placed among 
the constellations. , 

AsTERioN ET Chara, vd Canes Venatici, the two greyhounds, held in a string 
by Bootes: they were formed by Hevelius out of the SteU(z Informes of the ancient 
catalogues. 

Auriga is represented on the celestial globe by the figure of a man in a kneeling 
or sitting posture, with a goat and her kids in her lefl hand, and a bridle in his right. 
The Greeks give various accounts of this constellation ; some suppose it to be 
Erichthonius, the fourth king of Athens, and son of Vulcan and Minerva ; he was 
Yery deformed, and his legs resembled the tail of serpents ; he is said to have in- 
yented chariots, and the manner of harnessing horses io draw them. Others say 
that Auriga is Mirtilus, a son of Mercury and Phaetusa ; he was charioteer to 
OBnomaus, king of Pisa, in Elis, and so experienced in riding and the management 
of horses, that he rendered those of CEnomaus the swiflest in all Greece ; his infi- 
delity to his master proved at last fatal to him, but being a son of Mercury, he was 
made a constellation after his death. But as neither of these fables seem to ao- 
coant for the goat and her kids, it has been supposed that they refer to Aroalthflsa, 
daoghter of Melissus, king of Crete, who, in conjunction with her sister Melissa, 
fed Jupiter with goat's milk ; it is moreover said that Amalthaea was a goat caUed 
Oleniai, from its residence at Olenus, a town of Peloponnesus. 

Bootes is supposed to be Areas, a son of Jupiter and Calisto ; Juno, who was 
j^ous of Jupiter, changed Calisto into a bear ; she was near being killed by her 
son Areas in hunting. Jupiter, to prevent farther injury from the huntsmen, made 
CUisto a constellation of heaven, and on the death of Areas, conferred the same 
honour on him. Bdotes is represented as a man in a walking posture, grasping in 
his left hand a club, and having his right hand extended upwards, holding the cord 
<^ the two dogs Asterion and Chara, which seem to be barking at the Great Bear ; 
hence Bdotes is sometimes called the bear-driver, and the office assigned him is to 
drive the two bears round about the pole. 
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CAHCi.oFARD*i.ns was rormed by Beveliui. Tbe Cameloptrd ii reniukably iuu* 
mnd Iractable ; its natural pniperliea reiemble those of the ramel, and ita bodj is 
variegBled with apota like tbe [eopard. This animal ia fband in Ethiopia and olber 

Ctrti of Africa ; its neck ii about aeven feet lone, its fore and hind lega from Iha 
Dof to the second juial, are aeHrl; of the same fengtb ; but fram the second jUDt 
of Ibe leifs to tbe bodj, the fore legs are hi Ions in comparison with tbe bind onea, 
tbat the body Beems to elope like the tbe roof of a bouse. 

CmiorEiA was The wife of Cepheus, and motber of Andromeda. Sei Iktte com- 
tlellaltDiu, ai dm Cctu$. 

CtPBEUs was a king of Ethiopia, and the father of Andromeda bj Caasopua ; 
Cepheus was one of (be Arganants, who went with Jasoa Id Colchis to fetch th« 
golden fleece. 

CaRSEKoa was a dog belonging to Pinto, the god of the infernal n^oncj (Ma 
dog bad lift; headaaccording toHesiod, and three according to Other mvlbologiBta } 
he was stationed al (be entrance of the infernal regions, aa a wMchfuI keeper, to 
prevent the living from entering, and tbe dead from esca]ring from their confiit»- 
nunt. Tbe last and most dangerous exploint of Hercules, was to drag Caibema 
from the infernal regions, and bring him before Euryslheus, kingof Argoa. 

CoUA Berenicisib compoaedoftbe unformed stars, between the Uon'aTaD and 
B6Qtes. Berenice was tbe wife of Bvergetes, a. surname signifying benefactor: 
when he went on a dangerous expedition, she vowed to dedicate ber hair to tin 
Eoddeas Venus, if he returned in safetj. Sometime after thff victoiiona rfltom of 
Evergetus, the locks which were in the temple of Venaa disappeared ; andConoD, 
an astronomer, publicly reported that Jupiter lud carried them awaj', and mMio 
them a constellation. 

Cob Caroli, or Charles's heart, in the neck of Chara, the southernmost of the two 
dogs held in a strino bv Boalea, was ao denominated bv Sii Cbariea Scaiboroogb, 






licjan to king ChBrles II. in honour of king Charles T. 



Ariadne, the daughter of Minos, second king of Crete. Bacchus Is said to bava 
married Ariodne afler she was basely deserted by Theseus, kins of Athens, and 
after ber death the crown which Baccliua had given her was made a constellation. 

Ctohdb ia fabled by the Greeks to be the swan under the farm of which Jupiter 
deceived Leda, or Nemeais, the wife ofTyndarus, king of Laconia. Leda waa tha 
mother of Pollux and Helena, the most beautiful woman of the age ; and also of 
Castor and Clytemnestra. The two former were deemed the ofispring of Jupiter, 
and the others claimed Tyndatus as their father. 

Delfiunds, the dolphin, waa placed among the conatelUliona by Neptune, be- 
cause, by means of a dolphin, Ampbitrile became (be wife of Neptune, though aho 
bad made a vow of perpetual celibacy. 

Dr^co. The Greeka give varloua accounts of this constellation ; by aome it 
i> represented aa the watchful dragon which guarded the eotden spplea in the gar- 
den of tbe Hesperidea, near mount Atlas, in Aliica; and was alain by HercuTes: 
Juno, who presented these apples to Jnpiler on (he day of their nuptials, look 
Draco up to Heaven, and made a constellation of it as a reward for its faithful ser- 
vices: others maintain, Ihsl in a war with the gianle, this dragon was brought into 
combat, and opposed to Minerva, who seiied it in her hands and threw it, twisted 
as it was, into tbe heavens round the axis of tbe earth, before it bad time to unwind 

EquuLus, the little horse, or Eqai Seclio, the horse's head, is supposed to b« the 
brother of Pegasus. 

Hekcules is repreaenled on the celestial alobe holding a rlub in his right hand, 
the three -headed dug Cerbecua in his left, and the skin of the Nem^an Lion thrown 
over his shoulders. Hercules was the son of Jupiter and Alcmena, and reckoned 
the most famous hero of Antiquity. 
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Leo Minor was formed out of the SfeOc b^funnti^ or unformed stars of the an- 
cients, and placed above Lbo the zodiacal constellation. According to the Greek 
fables, Lbo was the celebrated Nemaean lion which had dropped from the moon, 
but being slain by Hercules, was elevated to the heavens by Jupiter, in com mem* 
oration of the dreadful conflict, and in honour of that hero. But this constellation 
was amongst the Egyptian hieroglyphics, long before the invention of the fables 
of Hercules. See the Zodiacal Constellations, p. 48. Nemsa was a town of 
Argolis in Peloponnesus, and was infested by a lion which Hercules slew, and 
clothed himself in the skin ; games were instituted to commemorate this great 
event. 

The Ltnx was composed b;^ Hevelius out of the unformed stars of the ancients, 
between Auriga and Ursa Major. 

Ltra, the lyre or harp, is included in Yultur Cadens. This constellation was 
at first a tortoise, afterwards a lyre, because the strings of the lyre were originally 
fixed to the shell of a tortoise : it is asserted that this is the lyre which Apollo or 
Mercury gave to Orpheus, and with which he descended the infernal regions, in 
search of his wife Eurydice. Orpheus after death received divine honours, the 
Muses gave an honourable burial to his remains, and his lyre became one of the 
constellations. 

MoNS Mjenalus. The mountain Msenalus in Arcadia was sacred to the god 
Pan, and frequented by shepherds ; it received its name from Msenalus, a son of 
Lycaon, king of Arcadia. 

Pegasus, the winged horse, according to the Greeks, sprung from the blood of 
the Gorgon Medusa, after Perseus, a son of Jupiter, had cut ofTlier head. Pegasus 
fixed his residence on mount Helicon in Bceotia, where, by striking the earth with 
his foot, he produced a fountain called Hippocrene. He became the favourite of 
the Muses, and being afterwards tamed by Neptune, or Minerva, he was given to 
Bellerophon to conquer the Chimaera, a hideous monster that continually vomited 
flames ; the fore-parts of its body were those of a lion, the middle was that of a 
goat, and the hinder-parts were those of a dragon ; it had three heads, viz. that of 
a lion, a goat, and a dragon. After the destruction of this monster, Bellerophon 
attempted to fly to heaven upon Pegasus, but Jupiter sent an insect which stung 
the horse, so that he threw down the rider. Bellerophon fell to the earth, and Pe- 
gasus continued his flight up to heaven, and was placed by Jupiter among the con- 
stellations. 

Perseus is represented on the globe with a sword in his right band, the head of 
Medusa in his lefl, and wings at his ancles. Perseus wad the son of Jupiter and 
Danae. Pluto, the god of the infernal regions, lent him his helmet, which had the 
power of rendering its bearer invisible ; Minerva, the goddess of wisdom, fur- 
nished him with her buckler, which was as resplendent as glass ; and he received 
from Mercury wings, and a dagger or sword ; thus equipped, he cut ofl* the head 
of Medusa, and from the blood which dropped from it in his passage through the 
air, sprang an innumerable quantity of serpents, which ever after infested the sandy 
deserts of Lybia. Medusa was one of the three Gorgons who had the power to 
turn into stones all those on whom they fixed their eyes ; Medusa was the only one 
subject to mortality : she was celebrated for the beauty of her locks, but having 
violated the sanctity of the temple of Minerva, that goddess changed her locks 
into serpents. Set the constellation Andromeda, 

Sagitta, the arrow. The Greeks say that this constellation owes its origin to 
one of the arrows of Hercules, with which he killed the eagle or vulture that per- 
petually gnawed the liver of Prometheus, who was tied to a rock on Mount Uau- 
casus, by order of Jupiter. 

Scutum Sobieski was so named by Hevelius, in honour of John Sobieski, king 
of Poland, Hevelius was a celebrated astronomer, born at Danfzick : his cata- 
logue of fixed stars was entitled Firmamentum Sotrieskianumf and dedicated to tha 
kmg of Poland. 

SyarBNs is also called Serpent Ophiuehi, being grasped by the bands of Ophluchm 
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SaanKTAmnii, OpUueut, or Xieulapaa, is represented with > larse beard, &nd 

* bis two hand ' "" "■ 1--.-^ -ji--- 

;od« who presii 
ised serpen Lb i 



. .IS cslfed BO in honoor of Cnnnt Poniatowski, a Polish 

officer of eilraoidinary rneril, wbo saved the life of Charles XII of Sweden, at the 
biltia of Fultona, a toWD oear Ibe Dnieper, about ISO miles south-east of EiOT ; 
and a second tims at the island of Rucren, near the mouth of the river Oder. 

Trianodlith. a triangle is a well known fignra in geometry ; it was placed in 
the heavens in honour of the most fertile part of Egypt, being called the delta of 
the Nile, from its reaemblance to the Greek letter of that name ^. The inven- 
tioD of geometrr is neuall; ascribed to the Egjptiena, and it is aseerted that the 
annual inundations of the Nile which swept aWay the bounds and land-marha of 
the estates, gave occauon to it, hy obliging the Egyptians to consider the figora 
and quantity belonging to the several proprietots. 

Cua MajOB ii aaid to he Calialo, an attendant of Diana, the goddess of hunt- 
ing. Calisto was changed into a liear b; Juno.— See Uu coaitdlatton Boala, It is 
farther stated that the ancieotB represented Ursa Major and Ursa Minor, each 
under Ihe form of a wagon, drawn by a team of horses. Ursa Major is Welt 
known to the country people at this day, by the title of CAorki'i Wian, or wagon : 
in some places it is called the plough. There are two remarhahle stars in Ursa 
Major, considered as the hindmost in the square of the wsin, called the poinlenL 
because an imaginary hne drawn through these stars, and extended upwards, will 
pau near Ihe pole-star in the tail of the Little Bear. 

VuLPicuLA BT Anser, the Fox and the Goose, was made by Hevelius out of the 
anfomied stars of the ancients. 

ni. THE SOUTHEEN CONSTELLATIONS. 

All is snpposed to be Ihe altar on which the goda swore before their combat 
with the giants. 

Anco Nivis is said to be Ihe ship Argo, which carried Jason and Ihe Argonauts 
to Colchis to fetch Ihe golden fleece. 

CiBis MiioH, the Great Dop, according to the Greek Tables, is one of Orion's 
hounds; (See Cimit Minor ;} but the Egyptians. »ho carefully watched Ihe rising 
of I his constellation, and by it judged ol the swelling of the Nile, called Iho briaht 
alar Sirius the centinel and watch of the year ; and according to Iheir hieroglyph- 
ical manner of writing, re|ireseo[ed it under Ihe figure of a dog. The Eeypliana 
called Ihe Nile Si™, and hence ia derived the name i<( their deity Osiris. 

CaHis Minor, the Little Dog, according to the Greek fables, is one of Orion's 
hounds; but the Egyptians were most probably the inventors of this constellation, 
and as it rises before the dog-star, which at a particular season was so much 
dreaded, as it is properly represented as a little watchful creature, giving noiice of 
the other's approach j hence Ihe Latins have called it Aniecanis, the star before 
the dog. 

Cknticrus. The Centauri were a people of Theesaly, half men and half 
horses. The Thessalians were celebrated for their skill in laming horsca, and iheir 
appearance on horseback was so uncommon a sight to the neighbouring states, 
that at a diatancB Ihcy imagined the man and horse to be one animal : when Ihe 
Spaniards landed in America, and appeared on horseback, Ihe Mexicans had Ihe 
same ideas. This constellation is by some supposed lo represent Chiron the Cen- 
taur, tutor of Achilles, £sculapius, Herculea, &c. ; hut as Sagittarius is likewise 
a Centaur, others have contended llinl Chiron is represented by Sagittarius, 

Cbtus, the whale, is pretended hy the Greeks to be (he sea-monster which Nep- 
tune, brother to Juno, sent lo devour AndromedE ; because her mother, Cassio- 
peia, had boasted herself lo be fairer than Juno and the Nereides. 
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CoRVUS, the crow, was, according to the Greek fables, made a constellation by 
Apollo : this god being jealous of Coronis, (the daughter of Phlegyas and mother 
of -Esculapius,) sent a crow to watch her behaviour ; the bird, perched on a tree, 
perceived her criminal partiality to Ischys, the Thessalian, and acquainted Apollo 
with her conduct. 

Crux, Crusero or Crosier. There are four stars in this constellation forming 
a cross, by which mariners sailing in the southern hemisphere readily find the 
situation of the Antarctic pole. 

Eridanus, the river Po, called by Virgil the king of rivers, was placed in the 
heavens for receiving Phaeton, whom Jupiter struck with thunder-bolts when the 
earth was threatened with a general conflagration, through the ignorance of 
Phaeton, who had presumed to be able to guide the chariot of the sun. The Po is 
sometimes called Orion's river. 

Htdra is the water serpent, which, according to poetic fable, infested the Lake 
Lerna in Peloponnesus : tnis monster had a great number of heads, and as soon as 
one was cut o% another grew in its stead ; it was killed by Hercules. The general 
opinion is, that this Hydra was only a multitude of serpents which infested the 
marshes of Lerna. 

Lepus, the hare, according to the Greek fables, was placed near Orion, as being 
one of the animals which be hunted. 

MiCROscopiuBi, the microscope, is an optical instrument composed of lenses or 
mirrors, so arranged as to render very minute objects clear and distinct. 

MoNOCEROs, the unicorn, was added by Hevelius, and composed of stars which 
the ancients had not comprised within the outlines of the other constellations. 

Orion is represented on the fflobe by the figure of a man with a sword in his 
belt, a club in his right hand, and the skin of a lion in his lefl ; he is said by some 
authors to be the son of Neptune and Euryale, a famous huntress ; he possessed 
the disposition of his mother, became the greatest hunter in the world, and boasted 
that there was not an animal on the earth which he could not conquer. Others 
say, tbat Jupiter, Neptune, and Mercury, as they travelled over Boeolia, met with 
great hospitality from Hyrieus, a peasant of the country, who was ignorant of their 
dignity and character. When Hyrieus had discovered that they were gods, he 
welcomed them by the voluntary sacrifice of an ox. Pleased with his piety, the 
cods promised to grant him whatever he required, and the old man, who had lately 
lost his wife, and to whom he made a promise never to marry again, desired them 
that as he was childless, they would give him a son without obliging him to break 
his promise. The gods consented, and Orion was produced from the hide of the 
ox. 

Piscis AusTRALis, the southern fish, is supposed by the Greeks to be Venus,. 
who transformed herself into a fish, to escape from the terrible giant Syphon. 

RoburCaroli, or Charles's Oak, was so called by Dr. Halley, in memory of the 
tree in which Charles IL saved himself from his pursuers afler the battle of 
Worcester. Dr. Halley went to St. Helena, in the year 1676, to take a catalogue 
of such stars as do not rise above the horizon of London. 

Sextans, the sextant, a mathematical instrument well known to mariners, was 
formed by Hevelius from the SteUn Informes of the ancients. 

92. Galaxy, via lactea, or Milky-way, is a whitish luminous 
tract which seems to encompass the heavens, like a girdle, of a 
considerable though unequal breadth, varying from about 4 to 20 
degrees. It is composed of an infinite number of small stars, 
which by their joint light occasion that confused whiteness which 
we perceive in a clear night when the moon does not shine very 
bright. The Milky-way may be traced on the celestial globe, 
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beginning at Cygnus, through Cepheus, Cassiopeia, Perseus, 
Auriga, Orion's club, the feet of Gemini, part of Monoceros, 
Argo Navis, Robur Caroli, Crux, the feet of the Centaur, Circinus, 
Quadra Euclidis, and Ara ; here it is divided into two parts ; the 
eastern branch passes through the tail of Scorpio, the bow of 
Sagittarius, Scutum Sobieski, the feet of Antinous, Aquila, 
Sagitta, and Vulpecula ; the western branch passes through the 
upper part of the tail of Scorpio, the right side of Serpentarius, 
Taurus Poniatowski, the Goose, and the neck of Cygnus, and 
meets the aforesaid branch in the body of Cygnus. 

93. Nebulous, or cloudy, is a term applied to certain fixed 
stars smaller than those of the sixth magnitude, which only show 
a dim hazy light like little specks or clouds. In Prsesepe, in the 
breast of Cancer, are reckoned 36 little stars ; F. le Compte 
adds, that there are 40 such stars in the Pleiades, and 2500 in 
the whole Constellation of Orion. It may be further remarked, 
that the Milky-way is a continued assemblage of Nebulae. 

94. Bayer's Characters. John Bayer, of Au:;sburg, in 
Swabia, published in 1603, an excellent work, entitled Uran- 
omttria, being a complete atlas of all the constellations, with the 
useful invention of denoting the stars in every constellation by 
the letters of the Greek and Roman Alphabets ; setting the first 
Greek letter « to the principal star in each constellation, jS to the 
second in magnitude, y to the third, and so on, and when the 
Greek alphabet was finished, he began with rt, 6, c, &c. of the 
Roman. This useful method of describing the stars has been 
adopted by all succeeding astronomers, who have further enlarged 
it by adding the numbers 1, 2, 3, &c. in the same regular suc- 
cession, when any constellation contains more stars than can be 
marked by the two alphabets. The figures are, however, some- 
times placed above the Greek letter, especially where double 
stars occur ; for though many stars may appear single to the 
naked eye, yet when viewed through a telescope of considerable 
magnifying power, they appear double, triple, &:c. Thus, in Dr. 
Zach's Tabu las Motuum Sol is, we meet with f Tauri, fi Tauri, 
y Tauri, ^ Tauri, ^2 Tauri, (fee. 



As the Greek letters so frequently occur in catologues of the stars and on the 
celestial globes, the Greek alphabet is here introduced for the use of those who are 
unacquainted with the letters. The capitals are seldom used in the catalogues of 
itars, but are here given for the sake of regularity. 
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THE GREEK ALPHABET. 
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95. Planets are opaque bodies, similar to our earth, which 
move round the sun in certain periods of time. They shine not 
by their own light, but by the reflection of the light which they 
receive from the sun. The planets are distinguished into primary 
and secondary. 

96. The Primary Planets regard the sun as their centre of 
motion. There are 11 Primary Planets, distinguished by the fol- 
lowing characters and names, viz. ^ Mercury, ? Venus, © the 
Earth, <? Mars, fi Vesta, 5 Juno, ? Ceres, $ Pallas, U Jupiter, 
^ Saturn, and ^ the Georgium Sidus. 

97. The Secondary Planets, satellites, or moons, regard the 
primary planets as their centres of motion : thus the moon re- 
volves round the earth, the satellites of Jupiter move round Jupi- 
ter, &c. There are 18 secondary planets. The earth has one 
satellite, Jupiter/ot/r, Saturn seven, and the Georgium Sidus six. 

98. The Orbit of a planet is the imaginary path it describes 
round the sun. The earth's orbit is in the plane of the ecliptic. 
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99. Nodes are the two opposite points where the orbit of a 
planet seems to intersect the ecliptic. That where the planet ap- 
pears to ascend from ihe south to the north side of the ecliptic, is 
called the ascending or north node, and is marked thus Si ; and 
the opposite point where the planet appears to descend from the 
north to the south, is called the descending or south node, and is 
marked y. 

100. Aspect of the stars or planets is their situation with res- 
pect to each other. There are five aspects, viz. d Conjunction, 
when they are in the same sign and degree ; ^ Sextile, when they 
are two signs, or a sixth part of a circle, distant ; n Quartile, when 
they are three signs, or a fourth part of a circle, from each other ; 
^ Trine, when they are four signs, or a third part of a circle, from 
each other ; $ Opposition, when they are six signs, or half a cir- 
cle, from each other. 

The conjunction and opposition (particularly of the moon) are 
called the St/zt/gies ; and the quartile aspect, the Quadratures. 

101. Direct. A planet's motion is said to be direct, when it 
appears (to a spectator on the earth) to go forward in the zodiac, 
according to the order of the signs. 

102. Statio>ary. a planet is said to be stationary, when (to 
an observer on the earth), it appears for some time in the same 
point of the heavens. 

103. Rethograde. A planet is said to retrograde, when it 
apparently goes backward, or conirarj' to the order of ihe signs. 

104. Digit, the twelfili part of the sun or moon's apparent di- 
ameter. 

JOS. Disc, the face of the sun or moon, such as they appear to 
a spectator on the earth ; for though the sun and moon be really 
Bplierical bodies, they appear to be circular planes. 

106. Geocentric latitudes and longitudes of the planets are 
their latitudes and longitudes, as seen from the earth. 

107. Heliocentric latitudes and longitudes of the planets are 
their latitudes and longitudes, as they would appear to a spectator 
situated in the sun. 

108. Apogee, or Apogseum, is that point in the orbit of a 
planet, the moon, &c. which is farthest from the earth. 

109. Perigee, or Perigteum, is that point in the orbit of a 
planet, the moon, &c. which is nearest to the earth. 

1 10. Apheliok, or Aphelium, is that point in the orbit of the 
earth, or of nny other planet, which is farthest from the sun. This 
point is called the higher Apsis. 
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111. Perihelion, or Perihelium, is that point in the orbit of the 
earth, or of any other planet, which is nearest to the sun. This 
point is called the lower Apsis. 

1 12. Line op the Apsides is a straight line joining the higher 
and lower apsis of a planet ; viz. a line joining the Aphelium and 
Perihelium. 

113. Eccentricity of the orbit of any planet is the distance 
between the sun and the centre of the planet's orbit. 

114. OccuLTATiON is the obscuration or hiding from our sight 
any star or planet, by the interposition of the body of the moon, 
or of some other planet. 

115. Transit is the apparent passage of any planet over the 
face of the sun, or over the face of another planet.. Mercury and 
Venus, in their transits over the sun's disc, appear like dark 
specks. 

1 16. Eclipse op the Sun is an occultation of part of the face 
of the sun, occasioned by an interposition of the moon between 
the earth and the sun ; consequently all eclipses of the sun hap- 
pen at the time of new moon. 

117. Eclipse op the Moon is a privation of the light of the 
moon, occasioned by an interposition of the earth between the 
sun and the moon ; consequently all eclipses of the moon happen 
at full moon. 

118. Elongation of a planet is the angle formed by two lines 
drawn from the earth, the one to the sun, and the other to the 
planet.*' 

119. Diurnal Arc is the arc described by the sun, moon, or 
stales, from their rising to their setting. — The sun's semi-diurnal 
arc is the arc described in half the length of the day. 

120. Nocturnal Arc is the arc described by the sun, moon, 
or stars, from their setting to their rising. 

121. Aberration is an apparent motion of the celestial bodies, 
occasioned by the earth's annual motion in its orbit, combined with 
the progressive motion of light. 

To illustrate this definition, — ^If light be supposed to have a progressive motion, 
the position of a telescope through which a star is viewed must be difierent from 
that which it would have been, if light had been instantaneous, and therefore the 
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* This and some of the preceding definitions are given to illustrate the 38th and 
39th pages of W'hite's Epheraeris, called Speculum Phcenomenorum. The words 
eUmg. max. signify the greatest elongation of a planet. In Plate IL Fig. 2. E rep- 
resents the Earth, V Venus, and S the Sun. The elongation is the angle VES, 
measured by the arc VS. 
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n of & alar mfaiared in Ihe heavens, will be different from ita true ailualion. 
Lei t represent the aituation of a lixcd star, t. B the direction of ibe earth's mo- 
tion, , B Ihe direction of a particle of light, entering the axis mo of a telescope al o, 
and moving ihraugh o b whilst Ihe earth moves from m to b, then if tbe telescope be 
kept pamllel to itself, tbe light will descend ia the axis. 
For, let the alia nd, ee continue parallel to mo, then 
if each motion he considered as uniform, (thai of the 
BpBctaloroccaaioned by the earth's rotation, bcinp dis- 
regarded, because it is so small as to produce no etTect,) 



apaeei 



that mn and dp ate also described in the same portion 
of time. Hid therefore when the telescope ia in the sit- 
nation nd the parlicle of light will be at r in the tele- 
Bcope, and this being the case in every moment of its 
descent, the aituatipn of the alar, mcaaured by the tel- 
escope at B ia J, and the angle , Bi is Ihe aberralimi. 
Hence it appears, that if we fake as; bb. : ; the velo- 

i:_i.. .1. i__i.j, pC jjjg earth, and complete 

IB abtrratioa wiL be equal to 
will be the liw place of the 
9 the place meaaured by the instrument, or 
}n aaaecn by the naked eye. 



dty of light; the velocity of 
the parallelogram brsi, the al 




123. Centripetal Force is that force with which a moving 
body is perpetually urged towards the centre, and made to re- 
volve in a curve instead of proceeding in a straight line, for all 
motion is naturally rectilinear. — Centripetal force, attraction, and 
gravitation, are terms of the same import. 

123. Centrifugal force is that force with which a body revolv- 
ing about a centre, or about another body, endeavours to recede 
from the curve which it describes. This force is the consequence 
of that law of motion, by which a body uninfluenced by any ex- 
ternal force, necessarily describes a straight line. When a body 
is compelled to describe a curve lino, it is, according to this law, 
disposed at every instant of the description to leave the curve, and 
proceed in the direct io['(aif the tangent. When a body describes 
the circumference of a circle, by virtue of a centripetal force di- 
rected towards the centre of the circle, the centrifugal force of 
the body is directly opposed to the centripetal force, and is equal 
to it in quantity. By the diurnal motion of the earth on its axis, 
every particle of the earth not situated in the asis describes a cir- 
cle, and by its natural disposition to move in a straight line, would 
recede from a circle in the direction of the tangent, unless it were 
retained by the force of gravity. In this case, the velocities of the 
particles are proportional to their distances from the axis, and the 
centrifugal forces of the particles are also proportional to the same 
distancea. 
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Sir Isaac Newton has demonstrated, (Princip. Prop. XIX. Book HI.) that " the 
" centrifugal force of bodies at the equator, is to the centrifugal force with which 
"bodies recede from the earth, in the latitude of Paris, in the duplicate ratio of the 
"radius to the co-sine of the latitude. — ^And, that the centripetal power in the lati- 
"tude of Paris, is to the centrifugal force at the equator as 289 is to 1." 

GEOGRAPHICAL THEOREMS. 

1. The latitude of any place is equal to the elevation of the po- 
lar star (nearly) above the horizon ; and the elevation of the equa- 
tor above the horizon, is equal to the complement of the latitude, 
or what the latitude wants of 90 degrees. 

2. All places lying under the equinoctial, or on the equator, 
have no latitude, and all places situated on the first meridian have 
no longitude ; consequently that particular point* on the ^lobe 
where the first meridian intersects the equator, has neither latitude 
nor longitude. 

3. The latitudes of places increase as their distances from the 
equator increase. The greatest latitude a place can have is 90 
degrees. 

4. The longitudes of places increase as their distances from the 
first meridian increase, reckoned on the equator. The greatest 
longitude a place can have is 180 degrees, being half the circum- 
ference of the globe at that place ; hence no two places can be 
at a greater distance from each other than 180 degrees. 

5. The sensible horizon varies as we travel from one place to 
another, and its semi-diameter is affected by refraction. 

6. All countries upon the face of the earth, in respect to time, 
equally enjoy the light of the sun, and are equally deprived of the 
benefit of it ; that is, every inhabitant of the earth has the sun 
above his horizon for six months, and below his horizon for the 
same length of time.* 



* This, though nearly true, is not accurately so., iT-be refraction in high latitudes 
is very considerable, (see definition 85th,) and near ^e poles the sun will be seen 
for seTeral days before he comes above the horizon ; and he will, for the same reas- 
on, be seen for several days after he has descended below the horizon. — The inhab- 
itants of the poles (if any) enjoy a very large degree of twilight, the sun being near- 
ly two months before he retreats IS degrees below the horizon, or to the point 
where his rays are first admitted into the atmosphere, and he is only two months 
more before he arrives at the same parallel of latitude ; and particularly near the 
north-pole, the light of the moon is greatly increased by the reflection of the snow, 
and the brightness of the Aurora Borealis ; the sun is likewise about seven dajfs 
longer in passing through the northern, than through the southern signs ; that is, 
from the vernal equinox, which happens on the 21st of March, to the autumnal equi- 
nox, which falls on the 23d of September, being the summer half-year to the inhab- 
itants of north latitude, is 186 days, the winter naif-year is therefore only 179 days. 
The inhabitants near the north-pole have consequently more light in the course of 
a year, than any other inhabitants on the surface of the globe. 
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7. In all placei of the earth, except exactly under ibe poles, the 
dayB and nighU are of an equal length, (viz. 12 houra each,) when 
the MO has no declination, that in, on the 31st of March, and on 
the 33d of September. 

8. In all plBces situated <hi the equator, the days and nights are 
always equal, notwithstanding the alteration of the sun's declina- 
tion from north to south, or from south to north. 

9. In all places, except those upon the equator, or at the two 
poles, the days and nights are never equal, but when the sun eo- 
tersthe signs of Ariei and Libra, viz. on the Slst of March, and 
on the 33d of September. 

10. In all places lying under the same parallel of latitude, the 
days and nigWt at any particular time, are always equal to ea<^ 
other. 

11. The increase of the longest days from the equator north- 
ward or southward, does not bear auy certain ratio to the increase 
of latitude ; if the longest days increase equally, the latitude in- 
crease unequally. This is evident from the table of climates. 

13. To all places in the torrid zone, the morning and eveaing 
twilight are the shortest ; to all places in the fi-igid zones the 
longest ; and to all places in the temperate zones, a medium be- 
tween the other two. 

13. To oil places lying within the torrid zone, the sun is vertical 
twice a year ; to those under each tropic, once ; but to those in 
the temperate and frigid zones, it is never vertical. 

14. At all places in the frigid zones, the sun appears every year 
wilhnut setting for a certain number of days, and disappears for 
ncnrly the same length of time ; and the nearer the place is to 
the polo, the longer the sun continues without setting ; viz. the 
length of the longest days and nights increase the nearer the place 
is to the polo. 

15. Bclv^ewi the end of the longest day, and the beginning of 
the longest night, in the frigid zone, and between the end of the 
longest night, and the beginning of the longest day. the sun rises 
and sots as at other places on the earth. Z'',; 

10. At all places situated under the arctic or antarctic circles, 
tlio sun when ho has 33" 38' declination, appears for 24 hours with- 
out setting ; but rises and sets at all other times of the year. 

17. At all places between the equator and the north pole, the 
longest day and the shortest night are when the sun has (23° 28") 
the greatest north declination ; and the shortest day and longest 
night arc when the sun has the greatest south declination. 

At all jilacos liotwocn ihe equator and the snuih-pole, the 
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the greatest south declination ; and the shortest day and longest 
night are when the sun has the greatest north declination. 

19. At all places situated on the equator, the shadow at noon 
of an object, placed perpendicular to the horizon, falls towards the 
north for one half of the year, and towards the south the other half. 

20. The nearer any place is to the torrid zone, the shorter the 
meridian shadow of an object will be. When the sun's altitude is 
45 degrees, the shadow of any perpendicular object is equal to 
its height. 

21. The farther any place (situated in the temperate or torrid 
zones) is from the equator, the greater the rising and setting am- 
plitude of the sun will be. 

22. All places situated under the same meridian, so far as the 
globe is enlightened, hare noon at the same time. 

23. If a ship set out from any port, and sail round the earth 
eastward to the same port again, the people in that ship, in reck* 
oning their time, will gain one complete day at their return, or 
count one day more than those who reside at the same port. If 
they sail westward they will lose one day, or reckon one day less. 
To illustrate this, suppose the person who travels westward should 
keep pace with the sun, it is evident he would have continual day, 
or it would be the same day to him during his tour round the earth ; 
but the people who remained at the place he departed from have 
had night in the same time, consequently they reckon a day more 
than he does. 

24. Hence, if two ships should set out at the same time, from 
any port, and sail round the globe, the one eastward and the other 
westward, so as to meet at the same port on any day whatever, 
they will differ two days in reckoning their time at their return. 
If tney sail twice round the earth, they will differ four days ; if 
thrice, six, &c. 

25. But, if two ships should set out at the same time from any 
port and sail round the globe, northward or southward, so as to 
meet at the same port on any day whatever, they will not differ a 
minute in reckoning their time, nor from those who reside at the 

port. '.y 
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Of&e General Properliet of Matter and the Loot ^ Motion. 

1. Matteb is a sabstance which, byitsdifierentmodiGcatioas, 
becomes the object of our five senses ; viz. whatever we can see, 
bear, feel, taste, or smell, must be considererfu matter, beiog the 
constituent parte of the universe. 

2. The pooFER-nEB or mattbb are extenaon, figure, solidity, 
motion, divisibility, gravity, and vis inertise. Ttiese properties, 
which Sir Isaac Newton observes* are the foondaUon of all phi- 
JoBOphy, extend to the minutest particles of matter. 

3. Extension, when considered as a property of matter, has 
length, breadth, and thickness. 

i. FuauBB is the boundary of extension; for every finite exten- 
non is tenaioated by, or comprehended under, some figure. 

5. SouDrrr is that property of matter by which it filla space ; 
or, by which any portion of matter excludes every other portion 
frmn that space which it occupies. This is sometimes defined the 
impenetrability of matter. 

D. MonoM. Though matter of itself has no ability to soove, 
yet as all bodies, upon which we can make suitable experiments, 
have a capacity of being transferred from one place to another, 
we infer that motion isa quality belongingto all matter. 

7. Divisibility of matter signifies a capacity of being separated 
into parts, either actually or mentally. That matter is thus divi^- 
ble, we are convinced by daily experience, but how far the divis- 
ion can he actually carried on is not easily seen. The parts of a 
body may be so far divided as not to be sensible to the sight ; and by 
the help of microscopes we discover myriads of organized bodies 
totally unknown before such instruments were invented. A grain 
of leaf gold will cover fifiy square inches of surfacef, and contains 
two milliooa of visible parts ; but the gold which covers the silver 
wire, used in making gold lace, is spread over a surface twelve 
times as great. From such considerations as these, we are led to 
conclude, that the division of matter is carried on to a degree of 
minuteness far exceeding the bounds of our faculties. 

Malhemattcians hsTe ehown (hat a line may be indefinitely divided, bb follows, 
aBonin!! in iihiloaopliy. 
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Draw any line ac, and another bm perpendicular to it, of A g 

an unlimited length towards q; and from any point d, in ac, 
draw DE, parallel to b.m. Take any number of points, p, o, 
N, M, in eq ; then from p as a centre, and the distance pb, 
describe the arc b/), and in the same manner with o, n, m, as 
centres, the distances ob, nb, and mb describe the arcs bo, 
Bn, Bm. Now it is evident the farther the centre is taken 
from B, the nearer the arcs will approach to d, and the line 
ED will be divided into parts, each smaller than the preceding 
one , and since the line bm may be extended to an indefin- 
ite distance beyond q, the line ed, may be indefinitely dimin- 
ished, yet it can never be reduced to nothing, because an 
arc of a circle can never coincide with a straight line bc, hence it follows that ed 
may be diminished ad infinUum. 



8. Gravity is that force by which a body endeavours to de- 
scend towards the centre of the earth. By this power of attrac- 
tion in the earth, all bodies on every part of its surface are pre- 
vented from leaving it altogether, and people move round it in all 
directions, without any danger of falling from it. — By the influence 
of attraction, bodies, or the constituent parts of bodies, accede or 
have a tendency to accede to each other, without any sensible 
material impulse, and this principle is universally disseminated 
through the universe, extending to every particle of matter. 

9. Vis Inertue is that innate force of matter by which it re- 
sists any change. We cannot move the least particle of matter 
without some exertion, and if one portion of matter be added to 
another, the inertia of the whole is increased ; also if any part be 
removed, the inertia is diminished. Hence, the vis inertiae of any 
body is proportional to its weight. 

10. Absolute and relative motion. A body is said to be 
in absolute motion, when its situation is changed with respect to 
some other body or bodies at rest ; and to be relatively in mo- 
tion, when compared with other bodies which are likewise in mo- 
tion. 

When a body always passes over equal parts of space in equal 
successive portions of time, its motion is said to be uniform. 

When the successive portions of space, described in equal 
times, continually increase, the motion is said to be accelerated ; 
and if the successive portions of space continually decrease, the 
motion is said to be retarded. Also, the motion is sa;id to be unu 
fomdy accelerated or retarded, when the increments or decre- 
ments of the spaces, described in equal successive portions of 
time, are always equal. 
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11. The VELOCITY of a body, or the rate of ita motion, is meas- 
ured by the space uniformly described in a given time. 

12. Force. Whatever changes, or tends to change, the state 
of rest or motion of a body, ia cafied /orcc. If a force act but for 
a moment, it is called the force of percussion or impulse ; if it act 
constantly, it is called an accelerative force ; if constantly and 
equally, it is called an uniform accelerative force. ^/ y. 

GENERAL LAWS OF MOTION. 

Law I. " Every body perseveres in its state of rest, or uniform ma- 
" tion in a straight line, unless it is compelled to change that state 
" by forces impressed thereon.." — Newton's Princip. Book I.* 

Thus when a body a is positively at rest, if a q 
DO external force put it in motion, it will always"^ B 

continue at rest. But if any impulse be given 
to it in the direction a b, unless some obstacle, or new force, stop 
or retard its motion, it will continue to move on uniformly, for 
ever, in the same direction ab. — Hence any projectile, as a ball 
shot from a cannon, an arrow from a bow, a stone cast from a 
sling, &c. would not deviate from its first direction, or tend to the 
eartn, but would continue in a straight line with an uniform mo- 
lion, if the action of gravity and the resistance of the air did not 
alter and retard its motion. 

Law II. " The alteration of motion, or the motion generated or de- 

" strayed, in any body, is proportioned to the force applied; and 
" is made in the direclionof that straight line in which the force 
" acts'' — Newton's Princip. Book I. 

Thus, if any motion be generated by a given force, a double 
motion will be produced by a double force, a triple motion by a 
triple force, &c. — and considering motion as an effect, it will al- 
ways be found that a body receives its motion in the same direc- 
tion with the cause that acts upon it. — If the causes of motion be 
various, and in different directions ; the body acted upon must 
take an oblique or compound direction. Hence a curvilinear 
motion must arise from the continued action of a force wluch has 



* This and the two following are generally termed AVioJm'i three laws of mo- 
rn ; but that he was not the iirat inventor of tliem is evident, since the; sre in 
._ r. ,, p^n^pi^ PhilB!vphiir, Part II. pages 39, 33, and 40, which work v 
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not a direction coincident with or opposite to that of the mov- 
ing body. 

Law III. " To every action ikei^e is always opposed an equal re- 
action ; or, the mutual actions of two bodies upon each other are 
always equal, and directed to contrary pointsJ^ — ^Newton's 
Princip. Book I. 

If we endeavour to raise a weight by means of a lever, we 
shall find the lever press the hands with the same force which 
we exert upon it to raise the weight. Or if we press one scale 
of a balance, in order to raise a weight in the other scale, the 
pressure against the finger will be equal to tliat force vnih which 
the other scale endeavours to descend. 

When a cannon is fired, the impelling force of the powder acts 
equally on the breech of the cannon and on the ball, so that if 
the cannon, with its carriage, and the ball were of equal weight, 
the carriage would recoil with the same velocity as that with 
which the ball issues out of the cannon. But the heavier any 
body is, the less will its velocity be, provided the force which 
communicates the motion continues the same. Therefore, so 
many times as the cannon and carriage are heavier than the ball, 
just so many times will the velocity of the cannon be less than 
that of the ball. 

COMPOUND MOTION. 

1. If ttoo forces act at the same time on any body, and in the 
same direction, the body vnll move quicker than it would by being 
acted upon by only one of the forces. 

2. If a body be acted upon by two equal forces, in exactly oppo- 
site directions, it will not be moved from its situation. 

Z. If a body be acted upon by two unequal forces, in exactly con- 
trary directions, it unll move in the direction of the greater force. 

4. If a body be acted upon by tux) forces, neither tn the same nor 
opposite directions, it unll not follow either of the forces, but move 
in a line between them. 

The first three of the preceding articles may be considered as 
axioms, being self-evident ; the fourth may be thus elucidated : 

Let a force be applied to a body at a, in k^__KJK. B 

the direction ab, which would cause it to ^^ ^^--^^g i 

move uniformly from a to b in a given pe- h ZZ —r^iS;— •• — 

riod of time ; and, at -the same instant, let ^^"""-^ 

another force be applied in the direction C ^5 

AC, such as would cause the body to move from a to c in the 

9 
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•■me time which the first force would cause it to move from a 
to B ; by the joint actiOD of these forces, the body will dcsctibe 
the diagonal ad of a parallelogram* with an uniform motion, id 
the same time in which it would describe one of the sides as or 
40 by one of the forces alone. 

For, nippose a tube equal in length to ab (in which a small 
ball can move freely from a to b) to be moved parrallel to itaelf 
irom A. to 6, describing with its two extremities the lines ac and 
BD, BO that the boll may move in the tube from a to b in the same 
time that the tube has descended to cd ; it is evident, that whea 
the tube a.b coincides with the line cd, the ball will be at the ex- 
bemity d of the line, and that it has arrived there in the same 
time it would have described either of the sides ab or ac. The 
boll will likewise describe the straight line ad, for by assuming 
aereral similar parallelograms aeqFjAeih, &c. it will appear, that 
while the ball has moved from a to e the tube will have descended 
from A to ¥, consequently the ball will be at o ; and while the 
bsll has moved from a to k, the tube will have descended from 
A to H, and the ball will be at i. Now aqid is a straight line ; 
for smaller parallelograms that are similar to the whole, and sim- 
ilarly situated are about the same diagonal, j- 

5. If a body, by an uniform motion, describe one side of a paral- 
Ifiogram, in the same time that it vxmld describe the adjacent side 
by an accelerative force ; this body, by the joint action of these 
forces, would describe a curve, terminating in the opposite angle 
of the parallelogram. 

Let ABDc be a parallelogram, and suppose the body a to be 
carried through ab by an uniform force in the ^^ t? tt -n 
same time that it would be carried through ac^ ^ 
by an accelerative force, then by the joint action 
of these forces, the body would describe a curve^ - 
AOiD. For, by the preceding Illustration, if the 
spaces AB, BE, and kb, be proportional to eachcl— 
other, the spaces af, fh, and hc, will be in the same proportion, 
and the line aoid will be a straight line when the body is acted 
opon by uniform forces ; but in this example the force in the di- 
rection AB being uniform, would cause the body to move over 
equal spaces ae, el, and kb, in equal portions of time; while the 
acceler»tive force m the direction ac, would cause the body to 
describe spaces af, fh, and hc, increasing in magnitude in equal 

• A paralleii>(frani is a four-aided figure, having ils oppoata nd«a pMaHel, ud 

rnnsequentJy equaT. RurLiD. !W ot 1. 
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successive portions of time ; hence the parallelograms aegf, AKm, 
&c. are not about the same diagonal*, therefore aoid is not a 
straight line, but a curve. /^ ^' 

6. The curvilinear motions of all the planets arise from the uni- 
form projectile forces of bodies in straight lines, and the universal 
power of attraction which draws them off from ihese lines. 

If the body e be projected along 
the straight line eaf, in free space 
where it meets with no resistance, 
and is not drawn aside by any otiier 
force, it will (by the first law of mo- 
tion) go on forever in the same di- 
rection, and with the same velocity. 
For, the force which moves it from e 
to a in a given time, will carry it from 
A to F in a successive and equal por- 
tion of time, and so on ; there being 
nothing either to obstruct or alter its motion. But, if, when the 
projectile force has carried the body to a, another body as s, be- 
gins to attract it, with a power duly adjusted and perpendicular 
to its motion at a, it will be drawn from the straight line eaf, and 
revolve about s in the circlef aoooa. When the body b arrives 
at o, or any other part of its orbit, if the small body m, within the 
sphere of e's attraction, be projected, as in the straight line m n, 
with a force perpendicular to the attraction of e, it will go round 
the body e, in the orbit m, and accompany e in its whole course 
round the body s. Here s may represent the sun, e the earth, 
and M the moon. 

If the earth at a be attracted towards the sun at s, so as to fall 
from A to H by the force of gravity alone, in the same time which 
the projectile force singly would have carried it from a to f ; by 
the combined action of these forces it will describe the curve ag; 
and if the velocity with which e is projected from a, be such as it 
would have acquired by falling from a to v (the half of as) by the 
force of gravity alone];, it will revolve round s in a drcle. 




♦ Euclid, 24 o/VI. 

f If any body revolve round another in a circle, the revolving body must be 
projected with a velocity equal to that which it would have acquired by falling 
through half the radius of the circle, towards the attracting body. EmenonU Ctm^ 
Forces, Prop. ii. . 

t A body, by the force of gravity alone, falls 16 1-12 feet in the first second of 
time, and acquires a velocity which will carry it uniformly through 32 1-6 feet 
in each succeeding second. This is proved experimentally by writers on iiie» 
chanics. 
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t. If vm bod^ fvuitf: rmnd amtlher, (<n Me tartk nmmd tke 
mm.) mtuUf utr^ it» dutaace /ram the t^mtrc of awAui. Ife ^w- 
peetlU fmd (xniriMafilfortxt aaaieack be rariabie,amdUKpiAef 
tim rePtdviw body km differ froBi a circle.* 

Tbmp, if while « proje^ile _ 
fcree wodd carry » planet from 
A b) r, the mii/ii aUnction at « 
woaU bring tt from a to h, the 
gmvilaling power would be too 
icroit for ifie projectile force ;C 
wm planet, therefore, initead of ^ 
nroeeeding in the circle abc (u 
in tlw preceding article) would : 
d«iieribo the curve ao, and ap-/ 
tirooeh nearer to the tun; ton \ 
boing loii thuti ia. Now, qb the 
ccniripclal force, or gravitating 
power alwayi incrcaicB as the 
iquaru of ttio planct'H distance 
WKR the wn diminiiheif, when 
the pttnot arrivei at o the centripetal force will be increased, 
whioti will likewiu increase the velocity of the plaoet, and ac- 
(wterate iti motion from o to v ; so as to cause it to describe the 
orcH OP, Hit, ttn, i>T, TV, successively increasing in magnitude, in 
equal porlions of time. The motion of the planet being thus ac- 
eetornlotl, it ^ins such a centrifugal force, or tendency to fly off 
Kt V, in the lino vw, ns overcomes the sun's attraction ; this cen- 
trifuKnl or projoctilo force i;)cing too great to allow the planet to 
h noorof the sun than it is at v, or even to move round 




H the circle t ah c ^, &c., it flies ofl'in the curve xzma. 
with « velocity decreasing as gradually from v to a, as if it hud 
nturncd through the arcs vr, td, dr, &c. to a, with the same 
velocity which it passed throush these arcs in its motion from ,\ 
towaraa v. Al a the planet will have acquired the same velocity 
ni it hod at first, and thus by the centrifugal and centripetal forces 
it will continuo to move round s. 



* A bddj nay TCTolra ia ■ cirde bj means of a variable cenlripetal ron«. and 
Wilk a nrnhl* v«4odlT, but tlw cmtn: of force in such cases cannot be co-isci- 
4w*l wtth Um CMln nir th« cirde : thr law of force to make a body dcscnbr ibc 
nmiinlvmK^ nf • rinAr with a nhabic tfIociit, about a centre of force siiuaicJ 
itI Mtj' MWI oTth* nrrk, aria the ciimiufereare of the cirde, or eiea witbooi the 
t l« M »> K < n it<>, i* dMCfwinnl b* Newton, in Ihe ScTCDth PropoeitioD of Ute Fu*! 

t n«wM«>«riM<^ Book UL pl«^ u. 
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Two very natural questions may here be asked ; viz. why the 
action of gravity, if it be too great for the projectile force at o, 
does not draw the planet to the sun at s ? and ivhy the projectile 
force at v, if it be too great for the centripetal force, or gravity, 
at the same point, does not carry the planet farther and farther 
from the sun, till it is beyond the power of his attraction 7 

F^rsU If the projectile force at a were such as to carry the 
planet from a to o, double the distance, in the same time that it 
was carried from a to f, it would require four* times as much 
gi^vity to retain it in its orbit, m%. it must fall through ai in the 
time that the projectile force would carry it from a to o, other- 
wise it would not describe the curve aop. But an increase of 
gravity gives the planet an increase of velocity, and an increase 
of velocity increases the projectile force ; therefore, the tendency 
of the planet to fly off from the curve in a tangent p »i, is greater 
at p than at o, and greater at q than at p, and so on ; hence, while 
the gravitating power increases, the projectile power increases, 
so that the planet cannot be drawn to the sun. 

Secondly. The projectile force is the greatest at, or near, the 
point V, and the gravitating power is likewise the greatest at that 
point. For if as be double of vs, the centripetal force at v will 
be four times as great as at a, being as the square of the distance 
from the sun. If the projectile force at v be double of what it 
was at A, the space vw, which is the double of ap, will be de- 
scribed in the same time that af was described, and the planet 
will be at x in that time. Now, if the action of gravity had been 
an exact counterbalance for the projectile force during the time 
mentioned, the planet would have been at t instead of x, and it 
would describe the circle t^ a, b, c, ^.; but the projectile force 
being too powerful for the centripetal force, the planet recedes 
from the sun at s, and ascends in the curve xzm, &c. Yet, it 
cannot fly off in a tangent in its ascent, because its velocity is re- 
tarded, and consequently its projectile force is diminished, by the 
action of gravity. Thus, when the planet arrives at z, its ten- 
dency to fly off in a tangent, z n, is just as much retarded, by the 
action of gravity, as its motions was accelerated thereby at q, 
therefore it must be retained in its orbit.f 

♦ Ferguson's Astronomy, Art. 153. 

t Many persons are at a loss to conceive in what manner the alternative acceos 
and recess of the earth to and from the sun can be reconciled with the known 
law of centripetal force, which increases as the earth approaches the sun, and 
decreases as the earth recedes from the sun : thus, the action of the sun on the 
earth at its greatest distance is the least, and yet it is able to draw the earth from 
the circular orbit passing through the aphelion, and having the sun in the centre: 
and when the earth is nearest to the sun, and the centripetal force of the greatest 
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all calculations of eclipses, and of the places of the planets, are 
made upon supposition that the earth is k sphere, and they all 
answer to the true times, when accurately calculated. When an 
eclipse of the moon happens, it is observed sooner by those who 
live eastward than by those who live westward ; and, by frequent 
experience, astronomers have determined that, for every fifteen 
degrees ditlerence of longitude, an eclipse begins so many hours 
sooner in the easternmost place, or later in the westernmost. If 
the earth were a plane, eclipses would happen at the same time 
in all places, nor could one part of the world be deprived of the 
light of the sun while another part enjoyed the benefit of it. The 
voyages of the circumnavigators sufficiently prove that the earth 
is round from west to east. The first who attempted to circum- 
navigate the globe was Magellan, a Portuguese, who sailed from 
Seville in Spain on the 10th of August, 1519; he did not live to 
return, but his ship arrived at St. Lucar, near Seville, on the 7th 
of September, 1522, without altering its direction, except to the 
north or south, as compelled by the winds, or intervening land. 
Since this period, the circumnavigation of the globe has been 

denote by p, is also a function of the radius vector, and is known for any giv«n 
curve. Now the force directed to the focus, in which the sun is placed, being di- 
rectly as V*, and inversely asp, is every where proportional to JL, which is the pro- 

per measure of the central force, and will in every case be assignable in terms of 
the radius vector r. From this reasoning it follows that whatever be the nature of 
the curve, and the situation of the centre offeree in the plane of the curve, there is 
at every point of the curve an assignable force which will cause a body to describe 
the curve. 

At the extremities of the transverse axis of the elliptic orbit, the curvature is the 
same, so that if o and v" be the greater and less velocities at the perihelion 

and aphelion, the two forces are and , which because p is common, are in 

P P 

the ratio of o* (o tf*. Now let r and r' be the perihelion and aphelion distances, 
which are evidently the perpendiculars from the centre of force on the tangents ; 
and therefore by the general rule of Newton for velocities, we have v : v' :: r' :r, 
and therefore v* : v^* :: 'r* : r* ; but we have just shown that if/ and /^ denote the 
forces at the perihelion and aphelion, we have v^iff*iijif^ conseqilently, 

/:/':: f* : r», 

or/ : /' : : ya : f.'a ; 

that is, the forces at the perihelion and aphelion are inversely, as the squares of the 
distances. It is evident from this investigation, that the inequality of the forces at 
the ends of the s^reater axis, arises entirely from the difference in the velocities at 
those points. If the velocities were equal, the central forces would also be equal : 
and if it can be shown that the velocity in the perihelion is greater than that in the 
aphelion, it follows that the central force in the former point must be greater than 
that in the latter. 
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gjrfonned at dilTerent timcB by Sir Francis Drake, l^rd Anaoa, 
aptain Cook, &c. The voyages of the circumnavigators have 
been frequently adduced by writers on geography and the elobes, 
to prove that the earth ia a sphere ; but when we reflect uiat all 
the circnmnavigatoro sailed westward round the globe, (and not 
northward and southward round it,) they might have performed 
the same voyages had the eartl^ been in the form of a drum or 
cylinder: but the earth cannot be in the form of a cylinder, for if 
it were, then the difierence of longitude between any two places 
would be equal to the meridional distance between the eanrie places, 
and on a Mercator's chart, which is contrary to observation. — 
Again, if a ship sail in any part of the world, and upon any course 
whatever, on her departure from the coast, all high lowers or 
mountains gradually disappear, and persons on shore may seethe 
masts of the ship after the hull is hid by the convexity of the wa- 
ter, {see Figure III. Plate I.) — If a vessel sail northward, in north 
latitude, the people on board may observe the polar star gradu- 
ally to increase in altitude the farther they go : they may likewise 
observe new stars continually emerging above the horizon which 
were before imperceptible; and at the same time those stars 
which appear southward will continue to diminish in ahitude till 
they become invisible. The contrary phenomena will happen if 
the vessel sail southward, hence the earth is spherical from north 
to south, and it has already been shown that it is spherical from 
cast to west. 

The arguments already adduced clearly prove the rotundity 
of the earth, though common experience shows us that it is not 
strictly a geometrical sphere ; for Its surface is diversified with 
mountains and valleys: but these irregularities no more hinder 
the earth from being reckoned spherical, considering its magni- 
tude, than the roughness of an orange hinders it from being es- 
teemed round.* 

* Our Idrpest globes nra in (lencral JS inches in Jiamctcr, nnd the dianiuter of 
tlio eanli is about 7920 miles ; also llic height of Chimboraro, the bieltesl mountain 
ofthe Andeflisncnrly 4mi1es, Now to find on n globe of y indies railius, an ele- 
vation corresponding to Chimborajo with reapeet to the earth of 3960 miles in 

and therefore an elevation of the ^l-t'' P"'' "f "" ""^^ "" ^^ suTfacc of a globe 
IS inches in diameter, eorreaponda to the altitude of Chimborapi on the surface of 

The hi^ghest point of the Himalnyn mounlaina to tlio nortii of Hinclostan, aiir- 
vejod by Capl. Blake, and deduced from his observations by Mr. Colcbrake, is 
SSOlSfectabovelheleveioftheacB. _ v 1 v 



♦• 
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When philosophical and mathematical knowledge arriTed at a 
still greater degree of perfection, there seemed to be a very suf- 
ficient reason for the philosophers of the last age to consider the 
earth not truly spherical, but in the form of a spheroid.* This 
notion first arose from observations on pendulum clocks/)* vehich 
being fitted to beat seconds in the latitudes of Paris and London^ 
were found to move slower as they approached the equator, and 
at, or near the equator, they were obliged to be shortened about 
I of an inch to agree with the times of the stars passing the me- 
ridian. This difference appearing to Huygens;[; and Sir Isaac 
Newton, to be a much greater quantity than could arise from the 
alteration by heat only, they separately discovered that the earth 
was flatted at the poles.§ By the revolution of the earth on its 
axis, (admitting it to be a sphere) the centrifugal force at the 
equator would be greater than the centrifugal force in the lati- 
tude of London or raris, because a larger circle is described by 



* A spheroid is a figure formed by the revolution of an ellipsis about its axis^ and 
an ellipsis is a curve-lined figure in geometry, formed by cutting a cone or cybnder 
obliauely ; but its nature wul be more clearly comprehended, by tha learner, from 
the following description. 

Let TR (in Piatt IV. Figure V.) be the transverse diameter^ or longer axis of the 
ellipsis, and co the conjugate diameter, or shorter axis. With the distance td or 
DR m your compasses, and c as a centre, describe the arc Ff, the points p, f, will be 
the two foci of the ellipsis. Take a thread of the leneth of the transverse axis tr, 
and fasten its ends witn pins in p and f, then stretch the thread Pif and it will reach 
to I in the curve ; then by moving a pencil round with the thread, and keeping it 
always stretched, it will trace out the ellipsis tcro. If this ellipsis be made to re- 
volve on its longer axis tr, it will generate an oblong spheroid or Catsinffs figure of 
the earth ; but if it be supposed to revolve on its shorter axis co, it will form an oh* 
late snheroidj or Sir Isaac JVewton's figure of the earth. The orbits or paths of aU 
the planets are ellipses, and the sun is situated in oneof the/octof the earth's orbit, 
as will be observea farther on. The points p, f, are called foci, or burning points : 
because if a ray of light issuing from ttie point p meet the curve in the point i, it wUl 
be reflected back into the focus f. For lines drawn from the two foci of an ellipsis 
to any point in the curve, make equal angles with a tangent to the carve at tnat 
point ; and by the laws of optics the angle of incidence is equal to the angle of re- 
flection. RfAerteon'^s Conic Sections, Book UL Scholium to jProp. ix. 

t Philosophical Transactions, No. 386. 

I A celebrated mathematician born at the Hague in Holland, in 16S9. 

§ Supposing the earth to be an uniformly dense spheroid, which retains its figure 
by the equilibrium of its gravity and centrifugal force, the length of a simple pendu- 
lum vibrating seconds on the equator, is to the length of one vibrating in the same 
time at the pole, as the axis of the earth to its equatorial diameter ; and the increase 
of length in any latitude above the length at the equator, is as the square of the sine 
of the latitude, as was first demonstrated by Sir Isaac Newton, and afterwards by 
other authors. But the figure of the earth, as given by Newton, was derived from 
the improbable hypothesis of uniform density, and therefore cannot be B^ely em- 

{)loyed in determining by calculation the length of a seconds pendulum in dimrent 
atitudes. A diflerent method has been adopted by philosophers, which coDsistfl in 

10 
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-, in the mtae time ; but as the ceonifiieal ixce (or 
iMMfencf which a bo»ly baa to recede frnm the caitre) it JciMu^ 
Ae aetion of crs^t; neceworilv dimniisfaes ; and wfaeic the ae- 
tioo of grwit y u less, the vibratinns ofpendiiliimsctfeiyial ieaffhrn 
bwome Jmmer: hence, snppoai^tbe earth to be aaphese,is« 
a why ft peadolam ahoold move riow^ at the apM- 



ffwta jjg e reuii e ae | of an indi in the length of a pniihih w; hm 
AttutUK ■npoaed the eaidi to aHome the nme fignce th^sbn- 

%ve of B oblate qtheniid, and (bond tfatfSie "tfiamelerof An 
MRh at the eqnator, i> to its<fiameterfroaipoletopole^as990to 
9SV.** NotwitlMtaadn^ the dedncdofuof Sirl^M: Newto^oa 
At Mrieteat wathfntatiral pnnciplea, uaaw of the piiiloaophen ■ 
Fraaee, the princ^ml of whom was Cawmif. aaaeited that the 



.AmmA^ to tiM BctM, tf tte psntf •! the «|Mtor be daMt^ It oi^, Oat 
ttlkt pnto wg ha tjipwui kj 1.II06SI5 ; udbwrUtitDdeA Aapan^aXU 
weMBtMl (7 I + 005513 OD >>^ 

Tbos, in latitwjc 30" we h»e X = 3»>, mn. X = b »uf lin. >X ^ ^ wbefMe 
1 -4- €0351 9 ■!>.>>.= 1.001379. 
In iMHode 45°, wc han an. >a = i, and thna I -|- 0035 15 SD.'X^I .0OS757. 

; the eijnatDr be ilenot«l by f, 
yr detennlaing « Ibe IbUowio^ 

< = ]>(I-f- 005515 (in-'A) 

8e« on Ihii mibiBcf the tnOMctioiu of the.{bn. PU. Soe. Vol L .Viw 5eria,»id>- 
IklMdinlSia. 

« Tba ralio of SM lo 330, which Newtan obtUDei}, for OaX of the aiis of the 
•vth la Ha •qualonal diameter, wmideduccd from the Hippoailion of muTormden- 
atj in iha earth. It i* neceenrj in detemuning tbia figure, to have recourse to 
mathoda which are not tiahle to such tincertainly : by Ibeee it ia known Ihat tba 
ratio of the aiia oTtbe earth Is the diameter of the eijaalor, ii neailythat of 319 to 



HO) that lb««enn-«xi* linearly 3951.09 E.ai 

Tba mioalarial aomi-dianicter - 3963.49 

The dilfbnince of which ii - 13.39 

And tba main •emi-diamotw ia - 3959.35 

Tba aarth tremK taken aa ■ apbortL the mean aemi-diameter ia the radiiii of the 

S^ara. If ■ aphere of IH inches diameter were comptewed towards the poles and 
erfttvd lowaids the equator, ao as to become aimilar in figure to the eortb, the 
dilAranca of the aomi-diatroter would he nearly -^^j = -jJyth part of an inch, 
whleh ii (00 amall a rjiiinlity to ho introduced in the construction of such bodies 
Intanded toeihibil a repreaenlation of the earth, 
t -'ten oftha celebrated Italian aatronomer; he waa born al Paris in 1677. 
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earth was an oblong spheroid, the polar diameter being the longer : 
and as these different opinions were supposed to retard the gen- 
eral progress of science in France, the king resolved that the affiur 
should be determined by actual ad measurement at his own expense. 
Accordingly, about the.year 1735, two companies of the most able 
mathematicians of the nation were appointed ; the one to measure 
ihe degree of a meridian as near to the equator as possible, and 
the other company to perform a like operation as near the pole as 
could be conveniently attempted. The results of these admeas- 
urements contradicted the assertions of Cassini, and of J. Bemoa- 
illi, (a celebrated mathematician of Basil in Switzerland, who 
warmly espoused his cause,) and confirmed the calculations of Sir 
Isaac Newton. In the year 1756, the Royal Academy of Scien- 
ces of Paris appointed eight astronomers to measure the length 
of a degree between Paris and Amiens : the result of their ad- 
measurement gave 57069 toises for the length of a degree. 

The utility of finding the length of a degree in order to deter- 
mine the magnitude and figure of the earth, may be rendered fa- 
miliar to the learner thus: suppose I find the latitude of London 
to be 51^** north, and travel due north till I find the latitude of a 
place to be 52^° north, I shall then have travelled a degree, and 
the distance between the two places, accurately measured, will 
be the length of a degree : now if the earth be a correct sphere, 
the length of a degree on a meridian, or a great circle, will be 
equal all over the world, after proper allowances are made for el- 
evated ground, &c. : the length of a degree multiplied by 360 
will give the circumference of the earth, and hence its diameter, 
&c. will be easily found : but if the earth be any other fi^re than 
that of a sphere, the length of a degree on the same meridian will 
be different in different latitudes, and if the figwe of the earth re- 
semble an oblate spheroid, the lengths of a degree will increase as 
the latitudes increase. The English translation of Maupertuis's 
figure of the earth, concludes with these words : {see page 163 of 
the vxjrk :) ** The degree of the meridian which cuts the polar circle 
being longer than the degree of a meridian in France, the earth is 
a spheroid fMted towards tJhe poles.'* For, the longer a degree is, 
the greater must be the circle of which it is a part ; and the greater 
the circle is, the less is its curvature. 

The first person who measured the length of a degree with any 
appearance of accuracy, was Mr. Richard Norwood : by measur- 
ing the distance between London and York, he found the length 
of a degree to be 367196 English feet, or 69^ English miles ; 
hence, supposing the earth to be a sphere, its circumference will 
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be 25030 miles, and its diameter 7964* miles ; but if the length 
of a degree at a medium, be 57069 toises, the circumference of 
the earm will be 24&r73 English miles, its diameter 7917 miles, 
and the length of a degree 69yV miles.t 

Conclusion. Notwithstanding all the . admeasurements that 
haTC hitherto been made, it has never been demonstrated, in a 
satisfactory manner, that the earth is strictly a spheroid ; indeed, 
fifom observations made in different parts of the earth, it appears 
that its figure is by no means that of a regular spheroid, nor that 
of any other known regular mathematical figure, and the only cer- 
tain conclusion that can be drawn from the works of the several 
gentlemen employed to measure the earth, is, that the earth is 
something more flat at the poles than at the equator. The course of 
a ship, considering the earth a spheroid, is so near to what it 
would be on a sphere, that the mariner may safely trust to the 
rules of globular sailing!, even though his course and distance 
were much more certain than it is possible for them to be. For 
which, and similar reasons, mathematicians content themselves 
with considering the earth as a sphere in all practical sciences, 
and hence the artificial globes are made perfectly spherical, as 
the best representation of the figure of the earth. 



* 5880 feet make a mile, therefore 367196 divided by 5280 gives 69^ miles nearly, 
which multiplied by 360 produces 25020 miles, the circumference of the earth ; but 
the circumference of a circle is to its diameter as 22 to 7, or more nearly as 355 to 
113; hence 355: 113:: 25020 miles: 7964 miles, the diameter of the earth. 
Again, 6 French feet make 1 toise, therefore 57069 toises are equal to 342414 
French feet ; but 107 French feet are equal to 1 14 English feet, hence 107 F. f. : 
114 E. C : : 342414 F. f. : 364814 English ft. which divided by 5280, the feet in a 
mile, gives 69.09 miles, the length of a degree by the French admeasurement. Or, 
342414 multiplied by 360 produces 123269040 French feet, the circumference of the 
earth, and 107 : 114 : : 123269040 : 131333369 English feet, equal to 24873.74 miles, 
the circumference of the earth, and 355 : 113 : :24873.74 : 7917 miles, the diameter 
of the earth. 

tThe length of a degree in lat. 51* 9' N. is 364950 feet = 69.12 English miles. 
Trigonometrical survey of England and Wales, Vol. II. Part II. page 113. Mr. 
Swanberg, a Swedish mathematician, found the length of a degree to be 57196.159 
toises a. 365627.782 English feet «= 69.247 miles. 

t Robertson's NavigaUon, Book ym. Art. 143. 
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J CHAPTER IV. 

Of the Diurnal and Annual Motion of the Etxrth. 

The motion of the earth was denied in the early ages of the 
world, yet as soon as astronomical knowledge began to be more 
attended to, its motion received the assent of the learned, and of 
such as dared to think differently from the multitude, or were not 
apprehensive of ecclesiastical censure. The astronomers of the 
last and present age have produced such a variety of strong and 
forcible arguments in favour of the motion of the earth, as must 
effectually gain the assent of every impartial inquirer. — ^Among 
the many reasons for the motion of the earth, it will be sufficient 
to point out the following : 

1. Of the Diurnal Motion of tlie Earth. 

The earth is a globe of 7920 miles in diameter, (as has been 
shown in Chap. 111.) and by revolving on its axis every 23 h. 56 
min. 4 sec. from west to east, it causes an apparent diurnal motion 
of all the heavenly bodies from east to west. We need only look 
at the sun, or stars, to be convinced, that either the earth, which 
is no more than a point* when compared with the heavens, re- 
volves on its axis in a certain time, or else the sun, stars, &c. re- 
volve round the earth in nearly the same time. Let us suppose 
for instance that the sun revolves round the earth in 24 hours, and 
that the earth has no diurnal motion. Now, it is a known princi- 
ple in the laws of motion, that if any body revolve round another 
as its centre, it is necessary that the central body be always in the 
plane in which the revolving body moves, whatever curve it de- 
scribes ;f therefore if the sun move round the earth in a day, its 
diurnal path must always describe a circle which will divide the 
earth into two equal hemispheres. But this never happens except 
on two days of the year, viz. at the time of the equinoxes, when 
the sun rises exactly in the east, and sets exactly in the west. 
For, from the 21st of March to the 23d of September, the sun 
rises to the north of the east, and sets to the north of the west ; 
and from the 23d of September to the 21st of March, it rises to the 
south of the east and sets to the south of the west, and therefore 
its diurnal path divides the globe into two unequal parts ; conse- 



* Dr. Keili, Lect. 26. f Emerson's Astronomy, p. 11. 
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qoentljr die fon does ml move rooDd the endL To render ikm 
nore ioleDigiUe to a youne atndeoC, let a pin, of aome inchee ii 
length, be faed perpe n d kail i ri y opon en hotiion l al plane, and ofc> 
eerre the rindow that the top of it describes on any day of d» 
year; this rindow wiD always be a conre, except at the time «f 
die eminoies, hence the earth is never in the son's apparent d^ 
nal orbit but then; fiirif the top of the pin kept all the time in lbs 
plane of the sonTs apparent diomal orbit, the shadow deamiie d 
woold be a straigbt Kne,* becaoseit wooldfaDinthe intersection 
of two planes ;t therefore the son has no diomal motion ronad 
the earth, cooseqoently the earth has adiomal motion on its axis. 

It is no argument against the earth'sdiomal Diotion,that wede 
not feel it; a person in the cabin of a ship, on soiooth water, can* 
not perceive tne ship's motion when its turns gently and onifonnlf 
round ;t neither does the earth cause bodies to fell from its mst* 
face ; for all bodies, of whatever matter they are composed, are 
drawn to the earth by the power of its central attraction ;§ which, 
laying hold of them according to their densities, or quantities of 
matter, without regard to their magnitudes, constitutes what we 
call weight. 

The phsenomena of the apparent diurnal aK>tion of the sun may 
be explained by the motion of the earth ; thus, let ivoh (PlaSe 
\.fig. V.) represent the earth, s the sun, and the circle dsbc the 
apparent concavity of the heavens. Let the earth revolve on 
its axis from i towards o (viz. from west to east). Suppose a 
spectator to be at i, the sun, which is at an immense distance, and 
enlightens half the globe at once, will appear to be rising. As 
the earth moves round, the spectator is carried towards f, and 
the sun seems to increase in height ; when he has arrived at f, 
the sun is at the highesL As the earth continues to turn round, 
the spectator is carried from f towards o, and the altitude of the 
sun keeps continually diminishing ; when he has arrived at g, 
the sun is setting. During the time the spectator has been car- 
ried from I to o, the sun has appeared to move the contrary way. 
Hence it is evident that while the spectator is carried through the 
illuminated half of the earth, it is day-light ; at the middle point 



* Emenon's Dialling, Prop. II. p. 9th. 

fit is demonstrated m Euclid, Prop. in. Book XI., and in Keith's Gcometrj, 
Prop. III. Book IX., that if two planes intersect each other, their common section 
IS a straight line. 

I Ferguson's Astronomy, Art 119. 

§ Newton's Pnncipia, ]&[>okIIL Prop. vii. 
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F, it is noon ; also while he is carried through the dark hemis- 
phere, it is night ; and at h it is midnight. Thus the vicissitude 
of day and night evidently appears by the rotation of the earth 
about its axis: what has been said of the sun is equally applicable 
to the moon, or any star placed at s ; therefore all the celestial 
bodies seem to rise and set by turns, according to their various 
situations. The spectator at i, f, o, h, will always have his feet 
towards the centre of the earth, and the sky above his head, what- 
ever position the earth may have ; agreeaoly to the laws of gravi- 
tation or attraction. Thus an inhabitant at a will be the most 
powerfully attracted towards his antipodes 6, because there is 
the greatest mass of earth under his feet in that direction ; for 
the same reason h will be the most attracted towards a, m, to- 
wards n, and n towards m, &c. ; hence it appears that every body 
on the surface of the earth is attracted towards its centre, or 
rather towards the antipodes of that body, for the whole earth is 
the attracting mass, and not some unknown substance placed in 
the centre of the earth. There is no such thing as an upper and 
under side of the earth : jsuppose a to be an inhabitant of Nankin 
in China, h will be an inhabitant of South America near Buenos 
Ayres, each having the earth under his feet and the sky above 
his head ; also if n be an inhabitant a little east of Quito in South 
America, on the equator^ m will be an inhabitant upon the equator 
in the island of Sumatra, apd in the course of 12 hours n will 
have the same position as m, by the revolution of the earth. 

2. Of the Annual M(aian of the Earth 

The diurnal revolution of the earth on its axis being proved, 
the annual motion round the sun will be readily admitted ; for, 
either the earth moves round the sun in a year, or else the sun 
moves round the earth ; now, by the laws of centripetal force, if 
two bodies revolve about each other, they revolve round their 
common centre of gravity ;* and it is evident, that if the two 
bodies be of an equal magnitude and density, the centre of ^vity 
will be equi-distant firom each body ; but, if they be of different 
masses, the centre of gravity will be nearest to the lar^r body ; 
if the earth, therefore, remain in the same situation whue the sun 
revolves round it, its mass must be much greater than that of the 
sun ; for it is contrary to the laws of nature for a heavy body to 



* The centre of gravit^jr of two bodies is a point, on which, if they were both sup- 
ported by a straight line joining their centres, they would rest in equilibrium. 
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nvolre round ■ li^t one u iti centre of motion : but from ofamb 
nlioni «Hi the dimeasioni* and ditAances of the sun and pkneti^ 
it tfpena that the nm so greatly exceeds, not oohr the earth, birt 
the iduiets, in man, that the commm centre of gravity of the 
lAoIeiaalmoitcoBataotly within the body of the iun,BO thrtthe 
■Di^a motion round the common centre of gravity of the euth and 
the ptanet* ia not perceptUile by ordinary obaenrers. Not only 
the eaid), therefore, bat the planets, move round the sun. 

It ia sbo evident that the motion of the earth in its orbit is from 
mat to eaat, for if the sun be observed to rise with any fixed 
•iWiWluchifl near the ecliptic, it will, in the course of a few days^ 
appear to the eastward of that star. And in the period of a ye*r 
it win arrive at the same star again. •& 

The earth is computed to be 95 millions of miles from the ■uii,t 
ud perferms its revolution round him, described an elliptical 
orbit or path,| in 365 days 5 hours 48 minutes and 48 seoonda, 
froia any equmox or aolxtice to the same again ; it tnvela at the 



* TlMmNnntdUnetenafllispUnett uefiiDiidbjaMienniitiridtcadlD Am 
feoM of • td«Mdp«. or, the •pparaot diwncAeT of tba •an may be nMuorad by 
■«■• of the pnljactifD of fail mage into k dark room, tfaraogh m circiilu aptrtiirab 
Finni IboM KppuMit ^UDatei^ and the napectiTe diitucea from tbe Mirth, Iba 
Nal diimcten of ttn ma and (daneU mj be determined. 

t InPWelV.il^.vi. let oba the centre ofthe earth, p the place of BnobserTW 
on iti BDiface, uid s the sun or a planet in the heavens : now to an obserrer at o, 
the lOD would appear at a, and to an obserrer at F it would appeal at h; the arc 
a t, oi the angle am b which ia ecjual to the ancle Fso, is called the borizonlal paial- 
laz. Mr. Short, in toL S3, part u. of the PhilDBaphics] Transactions, bas deter- 
Buned the horiiontal parallax of the aun to be 8".55, at its meaa distance from the 
mxth. Hence, by trigonometry, 

Logarithmicat BmeofS".65, oranBlePBo - - 5.6319140 

1« to mu aemi-diameter of the earth FO - - 0.0000000 

A>radins,aiTieof 90degreee,or(ineofoFB - - 10.0000000 

la to S33S3.84 eemi-diunelera ... - 4.3780860 

Now if we talte the diameter of the earth 7970 milee, as Mr. Short haa done, the 



Mith will alao aAct the operation, we may rest content with eatimaling the dis- 
taUMof the earth from the sun at 95 milliouB of miles. Mt. Woodhoiue, in hia As- 
tronomy, pace 384, calculate* (he aun'a horizontal paralhui to be B".T017, and at 
paffa SS4, where he baa {pven the diilancei of the planets from the sun according 
toXopbcc, he states the distance of the earth from the buu to be 937S6900 milea. 

t The idea that thi earth mored in an elliptical ortntwas first conceired by Kep- 
ler, an eminent German aalronomer, and demonstrated hy Sir Isaac Newton. Bee 
Iha Piinciina, Book III. Prop. ziii. 
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rate of upwards of 68,000 miles per hour.* Besides this motion, 
which is common to every inhabitant of the earth, the inhabitants 
at the equator are carried 1042t miles every hour by the diurnal 
revolution of the earth on its axis, while those in the parallel of 
London are carried only about 644 miles per hour. The axis 
of the earth makes an angle of 23^ 28' with a perpendicular to 
the plane of its orbit, and Keeps always the same oblique direc- 
tion throughout its annual course % ; hence it follows, that, during 
one part of its course, the north pole is turned towards the sun, 
and, during another part of its course, the south pole is turned 
towards it in the same proportion ; which is the cause of the dif- 
ferent seasons, as spring, summer, autumn, and winter. The or- 
bit of the earth being elliptical, the earth must at some times ap- 
proach nearer to the sun than at others, and will of course take 
more time in moving through one part of its path than through 
another. Astronomers have observed that the earth is more 
rapid in the winter half of its orbit than in the summer, by about 
seven days ; {see the note to the 6th Geographical Theorem, p. 59;) 
but although in the winter we are nearer to the sun than in the 
summer, yet in that season it seems farthest from us, and the 
weather is more cold and inclement ; the simple account of 
which phaenomenon is, that the sun's rays falling more perpen- 
dicularly on us in summer, augment the heat of the weather ; so, 
being transmitted more obliquely on our parallel of latitude dur- 
ing the winter, the cold is increased and rendered more intense. 
Besides, the days are longer in summer than in winter, on which 
account the heat of summer is still farther augmented. The heat 
in the torrid zone does not arise from those parts of the earth 
being nearer to the sun, but from the rays of the sun falling per- 
pendicular upon, and darting immediately through the atmos- 



* The earth's distance from the sun is 95 millions of miles, the mean diameter 
of its orbit is therefore 190 millions of miles, and the circumference of a circle is 
three times the diameter and one seventh more ; or the circumference is to the 
diameter as 355 to 113 more nearly ; hence 113 : 355 : : 190,000,000 : 596902654, 
the circumference of the orbit ; but this circumference is described in 365 days 5 
hours 48 minutes 48 seconds, or 365 days 6 hours nearly, or 8766 hours ; hence 
8766 h. : 596902654 m. : : 1 h. : 68092 miles per hour the inhabitants of the earth 
are carried by its annual revolution. 

t These distances are found by multipljring the number of miles contained in a 
degree in any parallel of latitude by 15 ; thus the circumference of the earth at the 
equator is 360<» X 69^ m. and in the latitude of London it is equal to 360 X 42.95, 
and 24 h. : 360^ X ^H::lh, : 1042im. ; or 1 : 15 X 69^ : : 1 '.1042^ m. 

I This is not strictly true, though the variation, called the nutation of the earth's 
axis, is scarcely perceptible in two or three years. KeiUf Lect. viii. 

11 
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phere. It might likerrise be expected that, is we are leu distant 
from the Bun in the winter than in the summer, it wonld appear 
larger ; but the diffeience af »tuatioa is so small as to make no 
sensible alteration in the sun's apparent ma^tude. 

The sun is not supposed to be fixed in the centre of the eartl^a 
elliptical orbit, but in one of the foci. Let s represent the sod 
(Puoe II. Fig. 3.) and aofbok the elliptical orbit of the earth. 
Then a is called the FeribeUon, or lower apsis, beiiw the 
earth's nearest distance from the sun ; b is called the ApbeliOD, or 
higher apsis, being the greatest distance of the earth from the 
sun, and sc the distance between the sun (in the focus) and tho 
centre, is called the eccentricity of the earth s orbit. If from the 
centre c there be erected upon the axis ab the perpendicalar cb, 
meeting the orbit in b, and the line se be drawn, it will refnesent 
the mean distance of the earth from the sun, being equal to half 
the axis ab*, consequently sb is 95 millions of miles. 

Though the motion of the earth in its orbit be not uniform, yet 
it is regulated by a certain immutable law, from which it never 
deviates ; which is, that a line drawn from the centre of the sun to 
the centre of the earth, being carried about with an angular mo- 
tion, describes on elliptical area proportional to the time in which 
that area is describedf , viz. if the times in which the earth moves 
from A to E, from b to d, and from d to b, be equal, then the areas, 
or spaces), ase, esd, and dsb, will all be equal. The motion of 
the earth is sometimes quicker and sometimes slower in moving 
through equal parts of its orbit ; for when the earth is at a (in 
the winter) the sun attracts it more strongly, and therefore the 
motion is quicker than any where else ; likewise, when it is at B 
(in the summer) it is least aSected by the sun's attraction, and 
consequently the motion there is slower than in any other pmrt of 
its orbit, for the power of gravity decreases aa the square of the 
distance increases J ; besides it is obvious, from the construction 
of the figure, that, if the space ase be described in the same time 
with the space bsd, the arc ae will be greater than the arc bd. 

The phsnomena of the dtderent seasons of the year will appear 
plainly from the following observations. Let abcd (Plate III. 
7^. 1 .) represent the plane of the earth's annual orbit, having the 

* It is demonstrated b; ill writers on conic sectionB, thst ■ line drawn from one 
end of the conjugale axis of nn ellipaia to the focua, is equal to half the transverse 



t ThiB law was discovered by Kepler, and demonHtrated hy 
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sun in the focus f ; and let a b, an imaginary line passing through 
the centre of the earth, be perpendicular to this plane ; and let 
the axis ns of the earth make an angle of 33* 28' with this perpen- 
dicular ; then if the earth move in the direction a, b, c, d, in such 
a manner that ns may always remain parallel to itself, and pre- 
serve the same angle with a 6, it will point out the seasons of the 
year ; for, suppose a line to be drawn from the centre of the sun 
to the centre of the earth, it is evident that the sun will be verti- 
cal to that part of the earth which is cut by this line. Now, 
when the earth is in Libra ^, the sun will appear to be in Aries T, 
the days and nights will be equal in both hemispheres, and the 
season a medium between summer and winter ; the line dividing 
the dark and light hemispheres passes through the two poles n and 
s, and consequently divides all the parallels of latitude, as pr, 
into two equal parts ; hence, the inhabitants of the whole face of 
the earth have their days and nights equal, viz. twelve hours each. 
While the earth moves from Libra *^ to Capricorn VSy the north 
pole N will become more and more enlightened, and the south 
pole s will be gradually involved in darkness, consequently the 
days in the northern hemisphere will continue to increase in length, 
and in the southern hemisphere they will decrease in the same 
proportion, all the parallels of latitude being unequally divided. 
When the earth has arrived at Capricorn V3, the sun will appear 
to be in Cancer 2d, it will be summer to the inhabitants of the 
northern hemisphere, and winter to those in the southern ; the 
inhabitants at the north pole, and within the arctic circle, will 
have constant day, and those at the south pole, and within the 
antarctic circle, will have constant night. While the earth moves 
from Capricorn V3 to Aries T, the south pole will become more 
and more enlightened ; consequently the days in the southern 
hemisphere will increase in length, and in the northern hemisphere 
they will decrease. When the earth has arrived at Aries T, the 
sun will appear to be in Libra «&», and the days and nights will 
again be equal all over the surface of the earth. Again, as the 
earth moves from Aries T towards Cancer^, the light will grad- 
ually leave the north pole, and proceed to the south ; when the 
earth has arrived at Cancer S, it will be summer to the inhabi- 
tants in the southern hemisphere, and winter to those in the 
northern ; the inhabitants of the south pole (if^ny) will have con- 
tinual day, those at the north pole constant night. Lastly, while 
the earth moves from Cancer S to Capricorn V3, the sun will ap- 
pear to move from Capricorn V3 to Cancer % and the days in the 
noithern hemisphere will be increasing, while those in the south- 
em vrill be diminishing in length ; and while the earth moves from 
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Capricorn V3 to Cancer So, the sun will appear to move from Can- 
cer Sp to Capricorn V3, the days in the northern hemisphere wiB 
then be decreasing, and those in the southern hemisphere in- 
creasing. In all situations of the earth, the equator will be divid- 
ed into two equal parts, consequently the days and nights at the 
equator are always equal. Thus the different seasons are clearly 
accounted for, by the inclination of the axis of the earth to the 
plane of its orbit,* combined with the parallel motion of that azi9. 
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CHAPTER V. 



Origin 



Various opinions have been held by ancients as well as mod- 
em philosophers, respecting the origin of springs and rivers ; but 
the true cause is now pretty well ascertained. It is well known 
that the heat of the sun draws vast quantities of vapour from the 
sea, which, being carried by the wind to all parts of the globe, 
and being converted by the cold into rain and dew, falls down 
upon the earth ; part of it runs down into the lower places, form- 
ing rivulets ; part serves for the purposes of vegetation, and the 
rest descends into hollow caverns within the earth, which break- 
ing out by the sides of the hills forms little springs ; many of these 



'*' In addition to these observations, the author farther illustrates the seasons of 
the year b^r an orrery ; and sometimes by a brass wire supported on two stands of 
different heights, corresponding to the diameter of the wire circle, and the obliquity 
of the ecliptic, as in Ferguson's Astronomj[, chap. x. But as this last method does 
not so clearly show the obliquity of the axis of the earth to the plane of its orbit, 
take a board of any convenient dimensions, suppose two feet across, on which 
describe a circle, or an ellipsis differing little from a circle, draw a diameter ofo, 
{Plate III. Fig. i.) and parallel to this diameter let several lines e/be drawn, then 
bore several holes perpendicularly down in the points e e, <^. of the circumference 
of the circle; take two pieces of wire crossing each other in an agle of 23«' 2S' ; as 
a g and n/, of which a g the perpendicular wire is the longer, and connect them by 
a straight wire «/; then placing a small globe on the point n, and a light in the 
centre of the circle of the same height as the centre of the little globe ; let the 
point g in the longer wire be fixed successively in the holes e c, &c. m the circum- 
ference of the circle, so that the base c,/, of the wire may rest on the lines e/in 
the plane of the earth's orbit, the seasons of the year will be agreeably and accu- 
rately illustrated. If the little globe be placed upon the point a, instead of the point 
n, and the same method be observed m moving the wires round the orbit, there 
will be no diversity of seasons. The diurnal revolution of the earth may be shown 
by moving the globe round the wire n/, as an axis, with the finger. 
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springs running into the valleys increase the brooks or rivulets, 
and several of these meeting together make a river. 

Dr. Halley* says, the vapours that are raised copiously from 
the sea, and carried by the winds to the ridges of mountains, are 
conveyed to their tops by the current of air ; where the water 
being presently precipitated, enters the crannies of the moun- 
tains, down which it glides into the caverns, till it meets with a 
stratum of earth or stone, of a nature sufficiently solid to sustain 
it. When this reservoir is filled, the superfluous water, following 
the direction of the stratum, runs over at the lowest place, and 
in its passage meets perhaps with other little streams, which have 
a similar origin ; these graduaUy descend till they meet with an 
aperture at the side, or foot of the mountain, through which they 
escape, and form a spring, or the source of a brook or rivulet. 
Several brooks or rivulets, uniting their streams, form small riv- 
ers ; and these again being joined by other small rivers, and 
united in one common channel, form such streams as the Rhine, 
Rhone, Danube, &c. 

Several springs yield always the same quantity of water equally 
when the least rain or vapour is aflbrded, as when rain falls in 
the greatest quantities ; and as the fall of rain, snow, &c. is incon- 
stant or variable, we have here a constant effect produced from 
an inconstant cause, which is an unphilosophical conclusion. 
Some naturaUsts, therefore, have recourse to the sea, and derive 
the origin of several springs immediately from thence, by sup- 
posing a subterraneous circulation of percolated waters from the 
fountains of the deep. 

That the sun exhales as much vapour as is sufficient for rain, 
is past dispute, having been several times proved by actual exper- 
iments. Dr. Halleyt determined by experiment and calcula- 
tion;];, that in a summer's day, there may be raised in vapours 
from the Mediterranean 5280 millons of tons of water, and yet 
the Mediterranean does not receive from all its rivers above 1827 
millions of tons in a day, which is little more than a third part 
of what is exhausted by vapours§ ; and from the river Thames, 



* Philosophical Transactions, No. 192. 

t Dr. Halley was an eminent mathematician, astronomer, and philosopher, born 
in London in the year 1656. 

X Philosophical Transactions, No. 213. 

J) As evaporation cannot carry off fixed salts, it would appear that if the above 
dilation be accurate, the Mediterranean would be more salt than the ocean, but 
it must be remembered that a current sets constantly out of the Atlantic Ocean 
into the Mediterranean. 
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twenty mOlioiis three hondred tbousand tons may be raised u 
one day in a similar manner. — ^In the Old Continent, there ai9 
about 430 rivers which fall directly into the ocean, or into the 
Mediterranean and Black Seas, and in the New Continent, scarce^ 
180 rivers are known, which fall directly into the sea ; but in tlui 
number, only the greater rivers are comprehended.* AH thet^ 
rivers carry to the sea a great quantity of mineral and saline pap» 
tides, which they wash from the different soils through which 
they pass, and the particles of salt, which are easily dissolved, ai9 
conveyed to the sea by the water. Dr. Halley imagines that the 
•altness of the sea proceeds from the salts of the earth only, whidi 
rivers convey thither, and that it was originally fresh. So that 
its saltness will continue to increase ; for, the vapours which are 
exhaled from the sea are entirely fresh, or devoid of saline pa^ 
tides. Others imagine that there is a great number of rocks of 
salt at the bottom of the sea, and from these rocks it acquires its 
saltness. Some writers, again, have imagined that the sea Was 
created salt that it might not corrupt ; but it may well be suf^)08ed 
that the sea is preserved from corruption by the agitations of the 
wind, and from the flux and reflux of the tide, as much as by the 
salt it contains, for, when sea- water is kept in a barrel, it corrupts 
in a few days. The Honourable Mr. Boylef relates that a mar- 
iner, becalmed for thirteen days, found at the end of that time, 
the sea so infected, that if the calm had continued, the greatest 
part of his people on board would have perished. — ^The sea is 
nearly equally salt throughout, under the equinoctial line and at 
the Cape of Good Hope, though there are some places on the 
Mozambique coast where it is salter than elsewhere. It is also 
asserted that it is not quite so salt under the arctic circle as in 
some other latitudes J ; this probably may proceed from the great 
quantity of snow, and the great rivers which fall into those seas : 
to which we may add, that the sun does not draw such quantities 
of fresh water, or vapours, from those seas as in hot countries. 

It is worthy of remark that all lakes from which rivers derive 
their origin, or which fall into the course of rivers, are not saline ;§ 



* Bufibn's Natural History. 

"t A younger son of the Earl of Cork, and one of the most celebrated philoso- 
phers m Europe, bom at Lismore, in the county uf Waterford, 1626-7. See his 
treatise on the Saltness of the Sea, published in 1674. 

t In a System of Chemistry^ by Dr. Thomj^son, of Edinburgh, Vol. vv, fourth edUion, 
pa^e 141, It is stated, that the ocean contains most salt between 10° and 20^ south 
latitude, and that the proportion of salt is the least in latitude 57^ north. 

§ Buffon'8 Natural History, Chap. II. 
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and almost all those, on the contrary, which receive rivers, with- 
out other rivers issuing from them, are saline : this seems to fa- 
vour Dr. Halley's opinion respecting the saltness of the sea ; for 
evaporation cannot carry off fixed salts, and consequently those 
salts which rivers carry into the sea remain there. It is asserted"*^ 
to be the peculiar property of sea-water, that when it is abso* 
lutely salt, it never freezes ; and that the islands or rocks of ice 
which float in the sea near the poles, are originally frozen in the 
rivers, and carried thence to the sea by the tide ; where they con- 
tinue to accumulate by the great quantities of snow and sleet 
which fall in those seas. According to this opinion, great quan- 
tities of ice can be produced only from great quantities of 
fresh water, or from large rivers ; and as large rivers can only 
flow from large tracts of land, it would appear that there must 
be immense tracts of land near the south pole, for the Antarctic 
Ocean abounds with fields or mountains of ice, as well as the 
Arctic Ocean ; but our circumnavigators have traversed the 
Southern Ocean to upwards of seventy degrees south latitude, 
without discovering any land.f With respect to the freezing of 
salt water, we have several instances of the Baltic % and other 
seas being frozen over, when the ice on the surface could never 

f)roceed from rivers. It is true that the sailors frequently take 
arge pieces of the rocks of ice, and thaw them for the use of the 
ship's company, and always find the water fresh ; but it does not 
follow from this that the ice is formed in the rivers. As fresh 
water only is extracted from sea-water by the heat of the sun, 
and carried into the atmosphere, may not the fresh, without the 
saline particles of sea-water, be converted into ice by extreme 
cold? 



^ Emerson's Geography, page 64. 

t Mr. William Smith, master of the brig Williams, of Blythe, Northumberland, 
in a voyage from Buenos Ayres to Valparaiso, in Chili, m order more easily to 
weather Cape Horn, steered an unusual southerly course, and on tlie 19th of Feb- 
ruary 1819, lat. 62° \V S. long. 60» 12' W. discovered land : he afterwards ascer- 
tained the existence of the coast for the distance of 250 miles. An account of this 
discovery, with plates of the appearance of the land, &c may be seen in the Edin- 
burgh Philosophical Journal, Vol. III. October 1820, page 367. This newly-dis- 
covered land is called J^ew South SheUand. 

X The Baltic Sea is not so salt as the ocean, and the proportion of salt is ii|- 
creased by a west wind, and still more by a north-west wina : a proof that not 
only the saltness of the Baltic is derived from the ocean, but that storms have a 
much greater effect upon the waters of the ocean than has been supposed. 9Dr. 
Thompsan?8 Chemistry, voL iv. page 141. — ^The Baltic Sea has little 6t no tidei^ iulA 
A current runs constantly thro^ign the Sound into the Cattegate dea. 
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CHAPTER VI. 

Of Ilk Flux md Reflux rf the TUet. 

^ . 

f A TiDs is that motion of the water in the seas and men» bf^ 
which they are found to rise and fall in a regular soccession; and 
this flowing and ebbing is caosed by the attraction erf* the son and 
moon.* 

Suppose the earth to be entirely covered by a fluid as a, b, flv 
c, n, Q, H. {PUUe in. Figure 2.) and the action of the son and 
moon to have no effect upon it, then it is evident that all the par- 
ticles, being equally attracted towards the centre o of the earthy 
would form an exact spherical surface ; except, that by the revo- 
lution of the earth on its axis n' s\ the attraction from b towards o^ 
and from q tovrards o would be a little diminished by the c^itriP 
ugal force. Let the moon at m now exert her influence upon the 
water ; then because the power of attraction diminishes as the 
square of the distance increases, those parts will be the most at- 
tracted which are nearest to the moon, and their tendency towards 
o will be diminished : the waters at z, b, and c, will therefore 
rise, and at z, which is nearest to the moon, they will be the 
highest ; but when the waters in the zenith z are elevated, those in 
the nadir n are likewise elevated in a similar manner; this is known 
from experience, for we have high water when the moon is in our 
nadir as well as when she is in our zenith ; we therefore conclude 
that, when the moon is in our zenith, our antipodes have high 
water: the truth of this, as well as every other phenomenon res- 
pecting the tides, will be discussed in the following theorems. 

Theorem Lf The parts of the earth directly under the moon^ or 
where the moon is in the Zenith asatz; (Plate III. Figure 3.) and 
those places which are diametrically opposite to the former^ or un- 
der the Nadir asatu, will have high toater at the same time : 

Because the power of gravity decreases as the square of the 
distance increases ; the waters at a, b, z, c, d, on the side of the 
earth next the moon m, will be more attracted by the moon than 
the central parts o of the earth, and the central parts will be 

* This was known to the ancients : Pliny expressly says that the cause of the ebb 
and flow is in the sun, which attracts the waters of the ocean, and that they aiso 
rise in proportion to the proximity of the moon to the earth. Dr. HxdUoi^s Math. 
Dictionary, word Tides. 

f A theorem is a proposition which admits of proof, or demonstration, from de- 
finitions clearly understood, and from the known general properties of the subject 
under consideration. 
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more attracted than the surface n on the opposite side of the 
earth ; therefore the distance between the centre -of the earth 
and the surface of the water, under the zenith and nadir, will be 
increased. For, let three bodies, z, o, and n, be equally attracted 
by M ; then it^ is evident they will all move equally fast towards 
M, and their mutual distances from each other will continue the 
same ; but if the bodies be unequally attracted by m, that body 
which is the most attracted will move the fastest, and its distance 
from the other bodies will be increased. Now, by the law of 
gravitation, m will attract z more strongly than it does o, by 
which the distance between z and o will be increased. In like 
manner o being more strongly attracted than n, the distance be- 
tween o and N will be increased ; suppose now a number of bod- 
ies, A, B, z, c, D, F, N, E, placcd rouud o, to be attracted by m, the 
parts z and n will have their distances from o increased ; while 
the parts a and d, being nearly at the same distance from m as o 
is, will not recede from each other, but will rather approach near 
to o by the oblique attraction of m. Hence if the whole earth 
were composed of bodies similar to a, b, z, c, d, f, n, e, and to 
be similarly attracted by m, the section of the earth, formed by a 
plane passing through the moon and the earth's centre, would be 
a figure resembling an ellipsis, having its longer axis zn directed 
towards the moon ; and its shorter axis ad in the horizon. The 
figure of the earth therefore would be an oblong spheroid having 
its longer axis directed to the moon, consecjuently it will be high 
water in the zenith and nadir at the same time ; and as the earth 
turns round its axis from the moon to the moon again in about 
24 hours and 48 minutes, there will be two tides of flood and two 
of ebb in that time, agreeably to experience. 

According to the foregoing explanation of the ebbing and 
flowing of the sea, every part of the earth is gravitating towards 
the moon ; but as the earth revolves round the sun, every part of 
it gravitates towards the sun likewise ; it may be asked now is 
this possible at the time of full moon, when the moon is at m and 
the sun at s ; has the earth a tendency to fall contrary ways at 
the same time ? This is a very natural question, but it must be 
considered that it is not the centre of the earth that describes the 
annual orbit round the sun, but the common centre of gravity of 
the earth and moon together; and that whilst the earth is 
moving round the sun, it also describes a circle round that centre 
of gravity, about which it revolves as many times as the moon 
revolves round the earth in a year.* The earth is therefore con- 



* Fer|;uson'8 Astronomy, Article S98. 

12 
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stantly falling towards the moon, from a tangent to the circle which 
it describes round the common centre of gravity of the earth and 
moon. Let m represent the moon, (Plate III. Figure 4.,) tw a 
part of the moon's orbit, and as the earth is supposed to contain 
about forty time§ the quantity of matter whiuh is contained io the 
moon, the.common centre of gravity from the centre of the earth 
towards the moon will be considerably less than the earth's diam- 
eter.* Let this common centre of gravity be represented by c. 
Then whilst the moon goes round her orbit, the centre of the 
earth describes the circle doe round c, to which circle o a is a 
tangent : therefore when the moon has gone from k to a little 
past w, the earth has moved from o to e; and in that time has 
fallen towards the moon from the tangent at a to e. This ^^ure 
is drawn for the new moon, but the earth will tend towards the 
OQOon in the same manner during its whole revolution round c. 

Theorem IL Those pdrts of the earth where Ou moon a^te€trs in 
the horizon, or 90 degrees distant from the Zenith and Nadir, 
asat K and d (Plate III. Figure 3.) will have ebb or low water z 

For, as the waters under the zenith and nadir rise at the same 
time, the waters in their neighbourhood will press towards those 
places to maintain the equilibrium ; and to supply the place of 
these waters, others will move the same way, and so on to places 
of 90 degrees distance from the zenith and nadir; consequently at 
A and n where the moon appears in the horizon, the waters will 
have more liberty to descend towards the centre of the earth ; 



* The common centre of gravity of two bodies is found thus ; as the Bum of Ibe 
weights, or quantities of matter in the two bodies is lo their distance from each 
other, so is the weight o( the less bod]' to the distance of the greater from tha 
centre of gravity. Now if (he quanlit]' of matter in the moon Ik represented b^ 
1, that in the earth hj (40), and the distance of the earth from the moon be ostt- 
matedat 240,000 miles, then(404.]): 240,000:: I : (5851) miles, the distance of 
the centre of the earth from the common centre of gravity. Mr. A. Walker, in 
the 1 1th lecture of his Familiar Pbiloaophy, ingenious^ accounts for its being higti 
water in the icnilh and nadir at the same lime, in the following manner. " The 
partHof the earth that are farthest from the moon, will have a swifter motion round 
the centre of gravity than the other parts ; thus the side n will describe the circle 
n V T, while the aide m will only describe the small circle m ri, round the centre of 
gravity c. Now, aa every thing in motion always endeavours lo go forward in a 
straight line, the water at n having a tendency to go off in the line n q, will in a 
degree overcome the power of gravity, and swell into a heap or protuberance, as 
represented in the iigure, and occasion a tide opposite lo that caused by the attrao- 
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and therefore in those places they will be the lowest. Hence it 
plainly appears, that the ocean, if it covered the whole surface of 
the earth, would be a spheroid, (as was observed in the foregoing 
theorem,) the longer diameter, as zn, passing through the place 
where the moon is vertical, and the shorter diameter, as ad, pass- 
ing through the rational horizon of that place. And as the moon 
apparently* shifts her position from east to west in going round 
the earth every day, the longer diameter of the spheroid follow- 
ing her motion will occasion the two floods and ebbs in about 24 
hours and 48 minutesf , the time which any meridian of the earth 
takes in revolving from the moon to the moon again ; or the time 
elapsed (at a medium) between the passage of the moon over 
the meridian of any place, to her return to the same meridian. 

The meridian altitude of the moon at any place is her greatest 
height above the horizon at that place, hence the greater the 
moon's meridian altitude is, the greater the tides will be ; for 
they increase from the horizon d to the point z under the zenith, 
and the greater the moon's meridian depression is below the hori- 
zon, the greater the tides will be ; for they increase from the 
horizon d towards n the point below the nadir, and consequently 
as the tides increase from d to n, the tides in their antipodes will 
increase from a to z. 



Theorem III. The time of high water is not precisely at the time 
of the moon's coming to the meridian^ but about an hour after : 

For, the moon acts with some force after she has passed the 
meridian, and by that means adds to the libratoly or waving mo- 
tion, which the waters had acquired whilst she was on the me- 
ridian. 



* The real motion of the moon is from the west towards the east ; for if she be 
seen near any fixed star on any night, she will be seen about 13 degrees to the 
eastward of that star the next night, and so on. The moon goes round her or- 
bit from any fixed star to the same again in about 27 days ana 8 hours. Hence 
37 d. 8 h. : 360*^ : : 1 d. : 13® 10' 41".6, the mean motion of the moon in 24 hours. 

t The mean motion of the moon in 24 hours is IS*' IQr I4f\6, and the mean ap- 
parent motion of the sun in the same time is sy 8".2, {see the note to defimtion 61. 
page 14.) the moon's motion is therefore 12 11' 6^.4 swifter than the apparent mo- 
tion of the sun in one day, which, reckoning 4 minutes to a degree, amounts to 48 
minutes 44 seconds of time. 
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TV. Tke tidti mre greater tkam arimary twice 
WE. 4tf Ife time of mw ami ftM moon, and them 
caOMSpftONMnn: (Plate IIL Figare lU.) 




For at these tiines the actions of both the sun and moon coo- 
Gur to draw in the same straight line smzon, and therefore the 
sea must be m<»e ekvated. In conjunction, or at the new mooOf 
when the sun is at s and the moon at m both on the same side ci 
the earth, their joint forces conspire to raise the water in the ie» 
nith at x, and consequently (according to Theorem I.) at h the 
nadir likewise.* When the sun and moon are in opposition, or 
at the foil moon when the sun is at s and the moon at m, the earth 
beii^ between them ; while the sun raises the water at z under 
the zenith and at h under the nadir, the moon raises the water at 
M under the nadir and at z under the zenith. 



* Mr. Wdkcr njs (Leeture 11th), that at new moon *<Tb6 son's influence is 
added to that of the n»ooQ, and the centre of graTitj c {PUde UL Fipart 4.) will, 
thetdore, lie lemoTed fiulher from the earth than mc, and of course, increase the 
eentfifUsal teadeocT of the tide n : hence both the attracted and centrifugal tides 
are sprinf>4idea at that time. — ** Bat spring-tides take place at the full as well as 
at the chaitfe of the osoon. Now it has tieen premised, that if we had no moon, 
the son would agitate the ocean in a small d^gne and make two tides eveiy twen- 
tT-lbiir hours, thos^ upon a small scale. The moon's centrifugal tide at z (Plate 
llL FIgmrt X) being increased bj the sun's attraction at s, will make the protuber- 
ance a spring-tide ; and the nm*s etmtrijugtd tide at n will be reinforced by the 
moon's attraction at m, and make the protuberance n a spring-tide ; so spring- 
tides take place at the full as well as at the change of the moon." — Suppose the 
moon to be taken away {PUU UL Figure 4.) the common centre of gravity of the 
earth and the sun would h\\ entirely within the body of the sun, round which the 
earth rcTolves in a year, at the rate of about a decree in a day ; hence the parts n 
of the earth farthest from the sun would have a litUe more tendency to recede from 
the centre of motion s, than the parts m which are the nearest. So that if the sun 
were on the meridian of any place it would be high water at that place by the sun's 
.attraction, and it would at the same time be high water at the antipodes of that 
place by the centrifugal tendency of n ; consequently as the earth reyolves on its 
axis from noon to noon in S4 hours, there would be two tides of flood and two of 
ebb during that time. If the line m c be incressed when the moon is in conjunc- 
tion with the sun, so as to cause the point n to describe a larger curcle than n ▼ t, 
and also the point m to describe a larger circle than mr s round the centre of grav- 
ity c; when the sun is in opposition to the moon, the linem c will be diminished, 
n will therefore describe a smaller circle than n y t, and m will describe a smaller 
circle than mrs. Hence it appears that the centrifugal tendency of n is greater at 
the new moon than it is at the full moon, and m is likewise more strongly attracted 
at the same time ; the spring-tides at the time of conjunction would therefore be 
considerably greater than at the time of opposition, were.not the moon's centrif- 
ugal tide at this time attracted by the sun, and the sun's centrifugal tide added to 
to that caused by the moon's attraction. 



Chap. YI. REFLUX OF THE TIDES. 93 

Theorem V . The tides are less than ordinary twice every month ; 
that isj about the time of the first and last quarters of the moon, 
and these are called Neap-tides : (Plate III. Figure 3.) 

Because in the quadratures, or when the moon is 90 degrees 
from the sun, the sun acts in the direction sd and elevates the 
water at d and a ; and the moon acting in the direction mz or ms 
elevates the water at z and n ; so that the sun raises the water 
where the moon depresses it, and depresses the water where the 
moon raises it ; consequently the tides are formed only by the 
difference between the attractive force of the sun and moon. — 
The waters at z and n will be more elevated than the waters at 
D and A, because the moon's attractive force is four"^ times that 
of the sun. 

Theorem VI. The spring tides do not happen exactly on the day 
of tJie change or full moon, nor the neap-tides, exactly on the 
days of the quarters, but a day or two afterwards. 

When the attractions of the sun and moon have conspired to- 
gether for a considerable time, the motion impressed on the wa- 
ters will be retained for some time after their attractive forces 
cease, and consequently the tide will continue to rise. In like 
manner at the quarters, the tide will be the lowest when the 
moon's attraction has been lessened by the sun's for several days 
together. — ^If the action of the sun and moon were suddenly to 
cease, the tides would continue their course for some time, as the 
waves of the sea continue to be agitated after a storm. 



* Sir Isaac Newton, Cor. 3 Prop. XXXVU. Book m. Princip. makes tho force 
of the moon to that of the snn, in raising the waters of the ocean, as 4.4815 to 1 : 
and in Corel. 1. of the same proposition he calculates the height of the solar tide to 
he 2 feet inch i, the lonar tide 9 feet 1 inch |, and hy their joint attraction 11 feet 
8 inches ; when the moon is in Perigee the jomt forces of the snn and moon will 
raise the tides upwards of 13^ feet. — Sir Isaac Newton's measures are in French 
feet in the Princrpia. I have turned them into English feet. 

Mr. Emerson, in his Flujdons, Section m. Prob. 85. calculates the greatest 
height of the solar tide to be 1.63 feeL the lunar tide 7.28 feet, and by their joint 
attraction 8.91 feet, making the force of the sun to that of the moon as 1 to 4.4815. 

Dr. Horsely, the late bishop of St. Asaph, estimates the force of the moon to that 
of the sun as 5.0469 to 1. See his edition of the Principia, lib. 3. Sect 3. Prop. 
XXXVI. and XXXVII. 

Mr. Walker, in Lect. 11th of his Familiar Philosophy, states the influence of the 
sun to be to the influence of the moon to raise the water, as 3 is to 10, and their 
joint force 13. 
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TaaoKBifyil. When the nM)on is nearest to the earthworm 
geCi the tides increase more than in similar drcumstanees^ 
other times: 

For the power of attraction increases as the square of the dak 
tance of the moon from the earth decreases ; consequently tbf. 
moon must attract most when she is nearest to the earth. 

^ 

Thbobem VIII. Tlie spring-tides are greater a short time before 
the vernal equinox^ and after the autumnal equinox, vii. aUmi 
the latter end ^ March and September^ than at any other tkm 
of the year : (Flate III. Figure III.) 

Because the sun and moon will then act upon the equator in 
the direction afs^ consequently the spheroidal figure of the tides 
will then revolve round its longer axis, and describe a greater cir- 
cle than at any other time of the year ; and as this great circle is 
described in the same time that a less circle is described, the wa- 
ters will be thrown more forcibly against the shores in the for- 
mer circumstances than the latter. 

Theorem IX. Lakes are not subject to tides ; and small inland 
seas, such as the Mediterranean and Baltic, are little subject to 
tides. In very high latitudes north or south the tides are also 
inconsidercAle, 

The lakes are so small, that when the moon is vertical she at- 
tracts every part of them alike. The Mediterranean and Baltic 
seas have very small elevations, because the inlets by which they 
communicate with the ocean are so narrow, that they cannot, in 
so short a time, receive or discharge enough to raise or lower 
their surfaces sensibly. 

Theorem X. The time of the tides happening in particular places, 
and likewise their height, may be very different according to the 
situation of these places : 

For the motion of the tides is propagated swifter in the open 
sea, and slower through narrow channels or shallow places ; 
and being retarded by such impediments the tides cannot rise so 
high. 

General Observation. 

The new and full moon spring-tides rise to different heights. 
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The morning tides differ generally in their rise from the eve- 
ning tides. 

In winter the morning tides are highest. 

In summer the evening tides are highest. 

The tides follow or flow towards the course of the moon, when 
they meet with no impediment. Thus the tide on the coast of 
Norway flows to the south (towards the course of the moon) ^ 
from the North-cape in Norway to the Naze at the entrance of 
the Scaggerac, or Cattegate Sea, where it meets with the cur- 
rent which sets constantly out of the Baltic Sea, and consequently 
prevents any tide rising in the Scaggerac. The tide proceeds to 
the southward, along the east coast of Great Britain, supplying 
the ports successively with high water, beginning first on the 
coast of Scotland. Thus it is high water at Tynemouth Bar, at 
the time of new and full moon, about three hours after the time 
of high water at Aberdeen ; it is high w^ater at Spurn-head about 
two hours after the time of high water at Tynemouth Bar ; in an 
hour more it runs down the Humber, and makes high water at 
Kingston upon Hull ; it is about three hours running from Spurn- 
head to Yarmouth Road ; one hour in running from Yarmouth 
Road to Yarmouth Pier ; 2^ hours running from Yarmouth Road 
to Harwich ; 1 J hour in passing from Harwich to the Nore, from 
whence it proceeds up the Thames to Gravesend and Lpndon. 
From the Nore, the tide continues to flow southward to the Downs 
and Godwin Sands, between the north and south Foreland in 
Kent, where it meets the tide which flows out of the £nglish 
Channel, through the Strait of Dover. 

While the tide, or high water, is thus gliding to the southward, 
along the eastern coast of Great Britain, it also sets to the south- 
ward along the western coasts of Scotland and Ireland ; but, on 
account of the obstructions it meets with by the Western Islands 
of Scotland, and the narrow passage between the north-east of 
Ireland and the south-west of Scotland, the tide in the Irish Sea 
comes round by the south of Ireland through St. George's Chan* 
nel, and runs in a north-east direction till it meets the tide be- 
tween Scotland and Ireland at the north-west part of the Isle of 
Man. This may be naturally inferred from its being high water 
at Waterford above three hours before it is high water at Dub^ 
lin, and it is high water at Dundalk Bay and the Isle of Man 
nearly at the same time. That the tide continues its course 
southward may be inferred from its being high water at Ushant, 
opposite to Brest in France, about an hour after the time of high 
water at Cape Clear, on the southern coast of Ireland. Between 
the Lizard Point in Cornwall and the Island of Ushant, the tide 
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flows eastward, or east-north-east, up the English Channel, 
the coasts of England and France, and so on through the S( 
of Dover, till it comes to the Godwin Sands or GUk^r, whfli|' 
it meets the tide on the eastern coast of England, as had beeno^^^ 
served before. The meeting of these two tides cootrilMiel' 
sreatly towards sending a powerful tide up the river Tbamei it 
London ; and, when the natural course of these two tidetf kil 
been interrupted by a sudden change of the wind, so as to aoofll^ 
erate the tide which it had before retarded, and to drive back tM 
tide which had before been driven forward by the wind, this Ganae 
has been known to produce twice high water in the coarse of 
three or four hours. The above account of the British tides 
seems to contradict the general theory of the motion of the tides, 
which ought always to follow the moon, and flow from east to 
west ; but to allow the tides their full motion, the ocean in which 
they are produced ought to extend from east to west at least 90 
degrees, or 6255 English miles ; because that is the distance be- 
tween the places where the water is most raised and depressed 
by the moon. Hence it appears that it is only in the great oceans 
that the tide can flow regularly from east to west ; and hence we 
also see why the tides in the Pacific Ocean exceed those in the 
Atlantic, and why the tides in the torrid zone, between Africa and 
America, though nearly under the moon, do not rise so high as in 
the temperate zones northward and southward, where the ocean 
is considerably wider. The tides in the Atlantic, in the torrid 
zone, flow from east to west till they are stopped by the conti- 
nent of America ; and the trade winds likewise continue to blow 
in that direction. When the action of the moon upon the waters 
has in some degree ceased, the force of the trade winds, in a 

?eat measure prevents their return towards the African shores, 
he waters thus accumulated* in the gulf of Mexico, return to 
the Atlantic between the island of Cuba, the Bahama islands, and 
East Florida, and form that remarkable strong current called the 
gulf of Florida. 

Newton's discovery of the law of gravitation naturally led to 
the true origin of the tides. That great author has- shown, in th^ 
third book of his Principia, that the tides are produced by the 
disturbing forces of the sun and moon. 



* To show that an accumulation of water does take place in the gulf of Mexico, 
tL survey was made across the isthmus of Darien, when the water on the Atlantic 
was found to be 14 feet higher than the water on the Pacific side. Walker's 
Familiar Philosophy, Lecture zL 
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In 1740 the theory of Newton was completely developed in the 
Prize Essays of M'Laurin, Euler, and Bernoulli, of which an ex- 
cellent abstract is given in the first volume of Robinson's Natural 
Philosophy. 

Laplace is the only mathematician who has advanced, in this 
most difficult problem, beyond the theory of Newton. In^ead 
of the statical equilibrium employed by Newton, and those who 
have followed his method, Laplace in his Mecanique Celeste, 
considers the subject in its true point of view, as a problem in 
Hydrodynamics, m which the oscillations of the waters of the 
ocean are to be derived from the accelerating forces, by the 
analytic formulae that express the motion of fluids. . , . ^ 

'■ • - ' / 



CHAPTER VII. 
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Of the Natural Changes of the Earth, caused by Mountains^ 
Floods, Volcanoes, and Earthquakes^ 

That there have always been mountains from the foundation 
of the world, is as certain as that there have always been rivers, 
both from reason and revelation* ; for they were as necessary 
before the flood for every purpose as they are at present. If the 
earth were perfectly level, there could be no rivers, for water 
can flow only from a higher to a lower place ; and instead of that 
beautiful variety of hills and valleys, verdant fields, forests, &;c. 
which serve to display the goodness and beneficence of the Deity, 
a dismal sea would cover the whole face of the earth, and render 
it at best an habitation for aquatic animals only. 

All mountains and high places continually decrease in height. 

Rivers running near mountains undermine and wash a part of 

^hem away, and rain falling on their summits washes away the 

loose parts, and saps the foundations of the solid parts, so that. 



♦ Four rivers, or rather four branches of one river, are expressly mentioned be- 
fore the flood, viz. Pison, Gihon, Hiddekd, and the Eukprates. Genesis, chap. ii. 
And in the 7th chapter of Genesis, at the time of the flood, we are told that the 
fountains of the great deep were broken up, the windows of heaven were opened, 
fhe waters prevailed exceedingly upon the earth, and all the high hills and the 
mountains were covered. 

13 



nmt 

m the eoime of tkne, ibey tomUe down. Hm, old hmUb^ 
fla tbe tops of mountaiits ue otnerved to hsnt their io^mUSmm 
kid bue by the graduaJ watfaii^ away of the earth. 1m | 
and valleys we find a cootfary efiecl; the paitii ' ' 
waAed down from the lulb fill np the ▼alleys, ud a 
faakinkwfrihKes seem to sink. For the Mme iCMOBk^M- 
tityofDind,dtme,MDd, earth, Ac. wUch is usiliiaMBjf ^mtai 
down from the higher phees into the nrei^ ■ cwiiBd fcy te 
stKam,and by de^ees diiAes iqi the montbeaf iifcnte»Bcidh 
iriKii the soil tbroD^ wbicfa they nm is of a looae ^d rich qpiit 
i^. Thus, the water rf the riyerlDMiiBmii,lhpnghwhuluanMB 
and weD tasted, ■ so laaidy, that a sediment of two kidwi af 
dine tms been fonnd io a luir-pint tnmbler of i^ ; Um livar a 
dnked up at the oMiith with the mad, tiees, dec vrtbdi are wa^ 
ed down It by the lapidi^ of the cairent. 

The Ughest moantains in the wwld are the Andeet. in Ba^ 
America, which extend near 4300 miles in fenet^ from the pior- 
iDce^rf* Quito to the stnit of Magellan; the hi^wst, called €!■»- 
bon^o, is said to be 90606 fe^ tn- neariy mtr n^fea above the 
level (^ the sea : 3400 feet (rf* which, fi«n the soouinl, ue al> 
w^s covered vrith now. From experimeids made with • ba- 
nmeterj on the monntain Cotopaxi, another part of the Ande^ 
it appeued that its eommit was elevated 6253 yards, or npwarda 
(rf* 3 1-2 miles above the surface of the sea. There is a mountain 
in the island of Sumatra, called Ophir by the Eun^ieans, the sum- 
mit of which is 13842 feet high: the Peak of Teoenffe, in the 
island of that name, is said to be 13265 feet or upwards of 3 1-2 
miles high. Mont Blaoc, the highest mountain in Europe, is 
15304 feet above the level of the sea. These in^ulaiities, al- 
though very considerable with respect to as, are nothing when 
compared with the maoiitude of the giobe. Thus, if an inch 
were divided ioto one nuudred and ten parts, the elevation of 
Chimborai^, llie highest of the Andt*^ on a gk>be of eighteen 
inches in diameter, would be represented by tm^ of these parts. 



* Mone** American Qcograph j. 

LPm^wpi tha HimaUja mounUinB «re an eietption, Stt lit AWe, page 58. 
The qiuckiilvei m a. baromeler falla aboql one-tenth of an inch ei«7 33 vsids 
isht; BO that, iftheijuictsilTer descend three-lentha of ui inch in ascending a 
lull,lbeiperpcndicular height of that biU nifl be K jirdB. Tbis method is liable to 
error. S«e the causca which aflect the accnracy ot Bammetrical experiments, in 
the Edinbursb Fhilmophiciil Tianaacliona, b^ Mr. Plaviiiu' ; also in Knth'a Tri^ 
r-nnmntry, fourlh cilili.>n, paguO?. 
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Hence, the earth, which appears to be crossed by the enor- 
mous height of mountains, and cut by the valleys and the great 
depth of the sea, is nevertheless, with respect to its magnitude, 
only very slightly furrowed with irregularities, so trifling indeed 
as to cause no difference in its figure. 

Having, in some measure, accounted for the descending of the 
earth from the hills, and filling up the valleys, stopping the mouths 
of rivers, &;c. which are gradual, and much the same in all ages, 
the more remarkable changes may be reduced to two general 
causes, floods and earthquakes. 

The real or fabulous deluges mentioned by the ancients may 
be reduced to six or seven, and though some authors have en- 
deavoured to represent them all as imperfect traditions of the 
universal deluge recorded in the sacred writings, the Abbe 
Mann,* from whom the following observations are extracted, 
does not doubt but that they refer to various real and distinct 
events of the kind. 

1. The submersion of the Atlantis of Plato probably was the 
real subsidence of a great island stretching from the Canaries 
to the Azores, of which those groups of small islands are the 
relics. 

2. The deluge in the time of Cadmusf and Dardanus, placed 
by the best chronologists in the year before Christ 1477, is said 
by Diodorus Siculus to have inundated Samothrace, and the 
Asiatic shores of the Euxine Sea. 

3. The deluge of Deucalion, which the Arundelian marbles,]; 
or the Parian chronicles, fix at 1529 years before Christ, over- 
whelmed Thessaly. 

4. The deluge of Ogyges, placed by Acusilaus in the year an- 
swering to 1796 before Christ, laid waste Attica and Bceotia. 
With the poetical and fabulous accounts of Deucalion's flood are 
mingled several circumstances of the universal deluge ; but the 
best writers attest the locality and distinctness both of the flood 
of Deucalion and Ogyges. 



* Vide Nouveaux Memoires de PAcademie Imperiale et Royale de Sciences et 
des Belles Lettres, de Brussels, tome premier, 1788. 

fThe ancient names which occur here may all be found in Leropriere's 
Classical Dictionary. 

X Ancient stones, whereon is inscribed a chronicle of the city of Athens, en- 

f raven in capital letters, in the island of Paros, one of the Cyclades, 264 years 
efore Christ. They take their name from Thomas, Earl of Arundel, who procured 
them from the East. They were presented to the University of Oxford in the year 
1667, bv the Hon. Henry Howard, afterwards Duke of Norfolk, grandson to the 
first collector of them. 
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5. Diodorus Siculus, after Manelheo, mentions a jflood which 
inundated all Egypt in the reign of Osiris ; but, in the relatioiw 
of this event, are several circumstances resembling the history of 
Noah's flood. 

6. The account given by Berosus the Chaldean of an universal 
deluge in the reign of Xisuthrus, evidently relates to the same 
event with the flood of Noah. 

7. The Persian Guebres, the Bramins, Chinese, and Americans 
have also their traditions of an universal deluge. The account of 
the deluge in the Koran has this remarkable circumstance, that 
the waters which covered the earth are represented as proceed- 
ing from the boiling over of the cauldron,* or oven, TannouVf 
within the bowels of the earth : and that, when the waters sub- 
sided, they were swallowed up again by the earth. 

The Abbe next gives a summary of the Scripture account of 
Noah's flood, and points out very clearly that part of the waters 
came from the atmosphere, and part from under ground agree- 
ably to the 11th verse of the viith chapter of Genesis. 

Earthquakes are another great cause of the changes made in 
the earth. From history, we have numerous instances of the 
dreadful and various effects of these terrible phenomena. Pliny 
has not only recorded several extraordinary phenomena which 
happened in his own time, but has likewise borrowed many 
others from the writings of more ancient nations. 

1. A city of the Lacedemonians was destroyed by an earth- 
quake, and its ruins wholly buried by the mountain Taygetus 
falling down upon them.f 

2. In the books of the Tuscan learning an earthquake is re- 
corded, which happened within the territory of Modena, when 
L. Martins and S. Julius were consuls, which repeatedly dashed 
two hills against each other; with this conflict all the villages 
and many cattle were destroyed. 

3. The greatest earthquake mentioned in history was that 
which happened during the reign of Tiberius Caesar when twelve 
cities of Asia were laid level in one night. J 

4. The eruption of Vesuvius, in the year 79,§ overwhelmed 



* This circumstance is mentioned here, because it agrees with Mr. Whitehurst's 
theory of the earth ; he supposes the flood was occasioned by the expansive force 
of fire generated at the centre of the earth. 

t Pliny's Natural History, chap. 79. 
X Pliny, chap. 84. 

§ Pliny lost his life by this eruption, from two eager a curiosity in viewing the 
flames. 
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the two famous cities of Herculaneum* and Pompeii, by a shower 
of stones, cinders, ashes, sand, &;c. and totally covered them 
many feet deep, as the people were sitting in the theatre. The 
former of these cities was situated about four miles from the cra- 
ter, and the latter about six. 

By the violence of this eruption, ashes were carried over 
the Mediterranean sea into Africa, Egypt, and Syria ; and at 
Rome they darkened the air on a sudden, so as to hide the face 
of the sun.f 

5. In the year 1533, large pieces of rock were throwii to the 
distance of fifteen miles, by the volcano Cotopaxi in Peru. J 

6. On the 29th September 1535, previous to an eruption near 
Puzzoli, which formed a new mountain of three miles in circum- 
ference, and upwards of 1200 feet perpendicular height, the 
earth frequently shook, and the plain lying between the lake 
Avemo, mount Barbaro, and the sea was raised a little ; at the 
same time the sea, which was near the plain, retired two hundred 
paces from the shore.§ 

7. In the year 1538, a subterraneous fire burst open the earth 
near PuzzoU, and threw such a vast quantity of ashes and pumice 
stones, mixed with water, as covered the whole country, and thus 
formed a new mountain, not less than three miles in circumfer- 
ence, and near a quarter of a mile perpendicular height. Some 
of the ashes of this volcano reached the vale of Diana, and some 
parts of Calabria, which are more than one hundred and fifly 
miles from Puzzoli. || 

8. In the year 1538, the famous town called St. Euphemia, in 
Calabria Ulterior, situated at the side of the bay under the juris- 
diction of the knights of Malta, was totally swallowed up with all 
its inhabitants, and nothing appeared but a fetid lake in the place 
ofit.l 

9. A mountain in Java, not far from the town of Panacura, in 
the year 1586, was shattered to pieces by a violent eruption of 
glowing sulphur (though it had never burnt before,) whereby ten 
thousand people perished in the underland fields.** .* ,, // 



♦ This city was discovered in the year 1736, eichly feet below the surface of 
the earth ; and some of the streets of Pompeii, &c. have since been discovered* 
t Burnet's Sacred History, page 85, vol. ii. 

I Ulloa's Voyage to Peru, vol. i. p. 324. 

§ Sir William Hamilton's Observations on Vesuvius. 

II Ibid. p. 128. 

IT Dr. Hooke's Post p. 306. 

♦♦ Varenius's Geography, vol. i. p. 150. 
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10. In the year 1600, an earthquake happened at Arquepa, in 
Peru, accompanied with an eruption of sand, ashes, &c. which 
continued during the space of twenty days, from a volcano break- 
ing forth ; the ashes falling in many places, above a yard thick, 
and in some places more than two, and where least, above a quar- 
ter of a yard deep, which buried the corn grounds of maize and 
wheat. The boughs of trees were broken, and the cattle died for 
want of pasture ; for the sand and ashes thus erupted, covered 
the fields ninety miles one way^, and one hundred and twenty an 
other way. During the eruption, mighty thunders and lightnings 
were hesrd and seen ninety miles round Arquepa, and it was so 
dark whilst the showers of ashes and sand lasted, that the inhab- 
itants were obliged to bum candles at mid-day."* 

11. On the 16th of June, 1628, there was so terrible an earth- 
quake in the island of St. Michael, one of the Azores, that the sea 
near it opened, and in one place where it was one hundred and 
sixty fathoms deep, threw up an island ; which in fifteen days 
was three leagues long, a league and a half broad, and 360 feet 
above the water.f 

12. In the year 1631 vast quantities of boiling water flowed 
from the crater of Vesuvius previous to an eruption of fire ; the 
violence of the flood swept away several towns and villages, and 
some thousands of inhabitants.;}; 

13. In the year 1632, rocks were thrown to the distance of 
three miles from Vesuvius. § 

14. In the year 1646,many of those vast mountains, the Andes,|| 
were quite swallowed up and lost.H 

15. In the year 1692, a great part of Port Royal, in Jamaica, 
was sunk by an earthquake, and remains covered with water 
several fathoms deep ; some mountains along the rivers were 
joined together, and a plantation was removed half a mile from 
the place where it formerly stood.** 

16. On the 11th January, 1693, a great earthquake happen- 
ed in Sicily, and chiefly about Catania ; the violent shaking of 
the earth threatened the whole island with entire desolation. 
The earth opened in several places in very long clefts, some 



♦ Dr. Hooke's Post. p. 304. 

t Sir W. Hamilton's Observations on Vesuvius and iEtna, p. 159. 

t Ibid. 



§ Baddam's Abridg. Phil. Trans, vol. ii. p. 417. 

ir 



jl M. Condamine represents these mountains and the Appenjnes as chains of 
volcanoes. See his Tour through Italy, 1755. 
IT Dr. Hooke's Post. p. 306. 
♦* Lowthorp's Abridg. Phil. Trans, vol. ii. p. 417. 
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three or four inches broad, others like great gulfs. Not less than 
59,969 persons were destroyed by the &lUng of houses in different 
parts of Sicily.* 

17. In the year 1699, seven hills were sunk by an earthquake 
in the island of Java, near the head of the great Batavian river, 
and nine more were also sunk near the Tangarang river. Be- 
tween the Batavian and Tangarang rivers, the land was rent and 
divided asunder, with great clefls more than a foot wide.f 

18. On the 20th of November, 1720, a subterraneous fire burst 
out of the sea near Tercera, one of the Azores, which threw up 
such a vast quantity of stones, &;c. in the space of thirty days, as 
formed an island about two leagues in diameter and nearly circu- 
lar. Prodigious quantities of pumice stone, and half broiled fish, 
were found floating on the sea for many leagues round the island.!^ 

19. In the year 1746, Calloa, a considerable garrison town and 
sea-port in Peru, containing 5000 inhabitants, was violently shaken 
by an earthquake on the ^th of October ; and the people had no 
sooner begun to recover from the terror occasioned by the dread- 
ful convulsion, than the sea rolled in upon them in mountainous 
waves, and destroyed the whole town. The elevation of this ex- 
traordinary tide was such as conveyed ships of burden over the 
garrison walls, the towers, and the town. The town was razed 
to the ground, and so completely covered with sand, gravel, &c. 
that not a vestige of it remained.^ 

20. Previous to an eruption of Vesuvius, the earth trembles, 
and subterraneous explosions are heard ; the sea likevidse retires 
from the adjacent shore, till the mountain is burst open, then re- 
turns with impetuosity and overflows its usual boundary. These 
undulations of the sea are not peculiar to Vesuvius ; the earth- 
quake which destroyed Lisbon, on the first of November, 1755, 
was preceded by a rumbling noise, which increased to such a de- 
gree as to equal the explosion of the loudest cannon. About an 
hour afler these shocks, the sea was observed from the high grounds 
to come rushing towsurds the city like a torrent, though against 
the wind and tide ; it rose forty feet higher than was ever known, 
and suddenly subsided. At Rotterdam, the branches or chande- 
liers in a church were observed to oscillate like a pendulum : and 
we are told it is no uncommon thing to see the surface of the 



♦ Lowthorp's Abridg. Phil. Trans, vol. ii. pp. 40S, 409. 
t Ibid. vol. ii. p. 419. 

X Eames' Abndg. Phil. Trans, vol. vi part il p. 203. 
§ Osborne's Relation of Earthquakes. 



Mrtbondohle M the OTTO of the wa at the time of dmedica^ 
fill coanbioDs of mtnre.* 



SI. TbeIsitenq)tioDorTesttnusliqipenedinJah^l7M,W - 
ng the moit violeiit and destntctire ot any memioaeu in faialDfj; 
eicepttboaein79,aiKl 1631. TiMc ]Kn eawend md tataBj A- 



attoyeA 5000 acrei of liefa vio^aidit and caUvated laada; 
ovcnrtwtaied the town of Tone-dd-Oreeo ; ibe miaUkt^m, 
amoontiDg to 18^000; fortunately eac^ied ; and the town ia mm 
idmiMing on tbe kva ibat ooven ibar tarmat habiiaitigaa. Bj 
IIm ernption the too of tbe moindam fidi in, and the wamk m 
TeMTUi is nmr littw short oftwo nulea in arcamftaeuLc 

Earthniakes are geneially mppoeed to be cannd far nitnit 
and aolfmireaiii npoun, inckned in the bowdi of the .eaifl^ 
wfaidi by aome aciadent lake fire where there is little or no vqri. 
These vapours may take fire l^feinieotation,t orhv ibeaeadtft- 
tal falbi^ of rocks and stanes in boUow places rf ihe eartl^aHl 
strikiiig against each other. When tbe niatten irhidi fbna idb- 
temneons fires fement, beat, and inflame, the fire m^ea an effbit 
oo every side, and if it does not find a natmal vent, it niMaAa 
earth aM fiHW a pBsnge t^ throwing it np, prodncsDg m volcaao. 
If the quantity of BubstaoceB which t^ fee be not caoHderablo^ 
m eartbqaake may ensue without a volcano beii^ farmed. Tba 
ahr fwoduced and rarefied by the subterraneous fire, may also find 
small vents by which it may escape, and in this case there will 
only be a shock, without any eruption or volcano. Again, all in- 
flammable substances, capable of explosion, produce, by inflam- 
mation, a great quantity of air and vapour, and such air will ne- 
cessarily be in a state of very great rarefaction : when it is com- 
pressed in a small epace, like that of a cavern, it will not shake the 
earth immediately above, but will search for passages in order to 
make its escape, and will proceed through the several interstices 
between the ditlerent strata, or through any channel or cavern 
which may afford it a passage. This subterraneous air or vapour 
will produce in its passage a noise and motion proportionable to 
its force and the resistance it meets with : these effects will con- 
tinue tilt it finds a vent, perhaps in the sea, or till it has diministied 
its force by expansion. 



* See the PbiL Tnns. respecling the earthquake on the first of November, 175S, 
vol, xUx. part L 

t An eqnal quantity of sulphur and the filings of icon (about 10 oi 15 lb.) worked 
into a putenilh water, and buried in the ground, will burst into a fluae in eight or 
ten boon, and cauie the earth round it to tremble. 
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Mr. Whitehurst imagines, that fire and water are the principal 
agents employed in these dreadful operations of nature* and that 
the undulations of the sea and the earth, and the oscillation of 
pendulous bodies, are phenomena which arise from the expansive 
force of steam, generated in the internal parts of the earth by 
means of subterraneous fires : the force of steam being twenty- 
eight timesf greater than that of gunpowder, viz. as 14,000 is to 
5004 

It is evident that there is a. great quantity of steam generated 
in the earth, especially in the neighbourhood of volcanoes, from 
the frequent eruptions of boiling water and steam, in various parts 
of the world. Dr. Uno Von Troil, in his Letters on Iceland, has 
recorded many curious instances. " One sees here," says he, 
" within the circumference of half a mile, or three English miles, 
40 or 50 boiling springs together ; in some the water is perfectly 
clear, in others thick and clayey : in some, where it passes througn 
a fine ochre, it is tinged red as scarlet: and in others, where it 
flows over a paler clay, it is white as milk." The water spouts 
up from some of these springs continually, from others only at 
intervals. The aperture through which the water rose in the 
largest spring was nineteen feet in diameter, and the greatest 
height to which it threw a column of water was ninety-two feet. 
Previous to this eruption a subterraneous noise was frequently 
heard, like the explosion of cannon ; and several stones, which 
were thrown into the aperture during the eruption, returned 
with the spouting water. ». 



* M. Dolomieu seems to be of the same opinion. 

t The force of steam is a function of its temperature, and therefore cannot be 
compared to force of gunoowder unless the temperature of the steam be given : 
according to RoHns^ the force of inflamed gunpowder is equal to the pressure of I 
1000 atmospheres ; but by the experiments and calculations of Dr. Hutton, the / 
force of gunpowder is much greater and is nearly equal to the pressure of 2000 at- 
mospheres. ^ 

X Inquiry into the Original State and Formation of the Earth, chafi. zi. pag^ 
112. 
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Chapter VIIL 

Of the Atmosphere^ Air, Winds, and Hurricanes. 

The earth is surrounded, by a thin fluid mass of matter, called 
the atmosphere : this matter gravitates towards the earth, revolves 
v^ith it in its diurnal motion, and goes round the sun with it every 
year. Were it not for the atmosphere, which abounds with 
particles capable of reflecting light in all directions, only that 
part of the heavens would appear bright in which the sun is sit- 
uated \^ and the stars and planets would be visible at mid-daj,t 
but, by means of an atmosphere, we enjoy the sun's light (re- 
flected from the aerial particles contained in the atmosphere) for 
some time before he rises and after he sets ; for, on the 21st of 
June, at London, the apparent day is 9 m. 16 sec. longer than 
the astronomical day.| This invisible fluid extends to an un- 
known height : but if, as astronomers generally estimate, the sun 
begins to enlighten the atmosphere in tne morning when he comes 
within 18 degrees of the horizon of any place, and ceases to en- 
lighten it when he is again depressed more than 18 degrees below 
the horizon in the evening, the height of the atmosphere may 
easily be calculated to be nearly 50 miles.§ Notwithstanding 
this great height of the atmosphere, it is seldom sufficiently dense 
at two miles high to bear up the clouds ; it becomes more thin 
and rare the higher we ascend. This fluid body is extremely 



* Dr. Keill, Lect. 20. 

t M. de Saussure, when on the top of Mont Blanc, which is elevated 5101 yards 
above the level of the sea, and where conseauently the atmosphere must be more 
rare than ours, says, that the moon shone witn the brightest splendour in the midst 
of a sky as black as ebony ; while Jupiter, rayed like the sun, rose from behind the 
mountains in the east. Append, vol, 74, McvUhly Review. 

X See Keith's Trigonometry, fourth edition, page 302. 

§ Let A r B {Plaie III. Hg. 5.) represent the horizon of an observer at a ; s r a 
ray of light falling upon the atmosphere at r, and making an angle s r b of 18 de- 
grees with the horizon (the sun bemg supposed to Iiave that depression) the angle 
8 r A will then be 162 degrees. From the centre o of the earth draw o r, and it will 
be perpendicular to the reflecting particles at r ; and, by the principles of optics, it 
will hkewise bisect the an^le s r a. In the right angled triangle o a r, the angle 
o r A=81«>, A o=(3982) miles, the radius of the earth. Hence, by trigonometry, 

Sine of r A, 8P 9.9946199 

Is to A o, (3982) (3.6001013) 

As radius, sine of 90' 10.0000000 

Is to o r (431.76) (3.6054814) 

Now, if from o r=[4031.&) there be taken o t=o a=(3982,) the remainder 
V r=(49 6) miles is the height of the atmosphere. 
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light, being, at a mean density, 816 tinjes lighter than water ;* 
it is likewise very elastic, as the least motion excited in it is 
propagated to a great distance : it is invisible, for we are only 
sensible of its existence from the effects it produces. It is capable 
of being compressed into a much less space than what it naturally 
possesses, though it cannot be congealed or fixed as other fluids 
may ; for no degree of cold has ever been able to destroy its 
fluidity. It is of difierent density in every part upwards from 
the earth's surface, decreasing in its weight the higher it rises, 
and consequently must also decrease in density. The weight or 
pressure of the atmosphere upon any portion of the earth's sur- 
face is equal to the weight of a column of mercury which will 
cover the same surface, and whose height is from 28 to 31 inches : 
this is proved by experiment on the barometer, ivhich seldom 
exceeds the limits above mentioned. Now, if we estimate the 
diameter of the earth at 7964t miles, the mean height of the bar- 
ometer at 29^ inches, and a cubic foot of mercury to weigh 13500 
ounces avoirdupois, the whole weight of the atmosphere will be 
11522211494201773089 lbs. avoirdupois, and its pressure upon 
a square inch of the earth's surface 14f lbs. 

The atmosphere is the common receptacle of all the effluvia or 
vapours arising from difierent bodies, viz. of the steam or smoke 
of things melted or burnt ; of the fogs or vapours proceeding from 
damp, watery places ; of steams arising from the perspiration of 
whatever enjoys animal or vegetable life, and of their putrescence 
when deprived of it ; also of the effluvia proceeding from sul- 
phureous, nitrous, acid, and alkaline bodies, &c. whicn ascend to 
greater or less heights according to their specific gravity. Hence 
the difficulty of determining the true composition of the atmos- 
phere. Chemical writers, J however, have endeavoured to show 



* Dr. Thomson^B Chemistiy, vol. iv. page 7, edition of 1810. 

t The diameter of the earth in inches will be 504599040 : and the diameter with 
the atmosphere 504599099 inches, the diflference between the cubes of these diam- 
eters multiplied by -5236 gives 23597489140125231287-3564 cubic mches in the at- 
mosphere. Now, if 1728 cubic inches weigh 13500 ounces, as stated by Dr. Thom- 
son, page 6, vol. iv. of his Chemistry, the weight of the atmosj^ere will be deter- 
mined as above. If the square of the diameter 504599040 be multiplied by 3.1416, 
the product will ffive the superficies of the earth, = 799914792576284098.56 square 
inches ; and if the weight of the atmosphere be divided by these superficies, the 
quotient will be 14.4 11m. s= 14 2-5 lbs., the pressure of the atmosphere on eveiy 
square inch of the earth's surface. The pressure of the atmon>here on a square 
inch of surface, may likewise be found by experiments made witn the air-pump, or 
by weighing a column of mercury whose base is one inch square, and height 29[| 
inches. 

} Dr> Thomson's Chemistry, page 34, yoL iv. edition of 1810. 
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that it CMMBts chMy of three diatioct elaatic fluklB, umted to- 
gether by chemical affinity ; nainely, air, vapour, or water, and 
caifoonic acid gaB:* differing in tbeir proportion at di^rent 
timet and in di^rent placei ; but tiie average propcMtiooa of 
each, mppoaing tbe whole atmoapbere to be divided into 100 ' 
eqnal part*, is given by Dr. Thomson aa foUowi : 

1 vapour or water, 
fV carbonic add. 

wo" 

jSence it ^>pears, that tbe foreign bodies which are mixed or 
united with the air in tbe atmosphere are bo minute in quantity, 
when compared with it, that they have no veiy senuble inSueop? 
aa its general properties ; wherefore, in deacnbing the mecbaiue- 
al pn^erAea « the air, in tbe succeeding ^larta of this ch^iter, ' 
tko attention is paid to its txm^onent parts m a chemkal pcunt of 
view; but wherever the word air occurs, comnuHi or atmoai^ieiic 
air is alvrays meant. It may, however, be proper to remark here, 
that &om varioust experimenta, chemists have inferred that if 
atmospheric air be divided into LOO parts, 31 of those parts will 
be viud air, and 79 poisonous; hence the vital air does not com- 
pose 'one-third of the atmosphere. 

Air is not only the support of animal and vegetable life, but it 
is the vehicle of sound ; and this arises from its elasticity : for a 
body being struck vibrates, and communicates a tremulous mo- 
tion to tbe air : this motion acts upon the cartilaginous portion of 
the ear, where there are several eminences and concavities 
adapted to convey it into the auditoiy passage, where it strikes 
on uie membrana tytnpani, or drum of the ear, and produces the 
sense of hearing. 



* 6at IB • term applied b; cbemiala to all permnnently eliBtic fluiJs, except com- 
mon air ; 4Dd corbmic aid gaa is wb&t was fanneit; called find nr, or mck a« 
eitinguuheB flune, and deaUoys animd life. 

\ Dr. Tbomaon, voL it. page SO, of hie Chemutry, aaya, " Wbatever method is 
emplajred to ibatnct oij'geD froin aJr, the reeult ia uniform. Ther all indicate 
tjikt common air consiata veiy nenii; of 91 pariB of oiygea and 79 ef axote." 
SI oiy^n gas (viz, vilal air.) 
79 aiotic gaa (vii. poinmoiu air.) 

100 
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From the fluid state of the atmosphere, its great subtility and 
elasticity, it is susceptible of the smallest motion that can be ex- 
cited in it ; hence it is subject to the disturbing forces of the moon 
and the sun ; and tides will be generated in the atmosphere simi- 
lar to the tides in the ocean. By the continual motion of the air, 
noxious vapours, which are destructive to health, are in some 
measure dispersed ; so that the air, like the sea, is kept from pu- 
trefaction by winds and tides. 

Air may be vitiated, by remaining closely pent up in any place 
for a considerable length of time ; and, when it has lost its vivify- 
ing spirit, it is called damp or fixed air, not only because it is filled 
with humid or moist vapours, but because it deadens fire, extin- 
guishes flame, and destroys life; 

If part of the vivifying spirit of air, in any country, begins to 
putrefy, the inhabitants of that country will be subject to an epi- 
demical disease, which will continue until the putrefaction is 
over : and as the putrefying spirit occasions this disease, so, if the 
diseased bodjr contribute towards the putrefying of the air, then 
the disease will not only be epidemical, but pestilential and con- 
tagious. 

The air will press upon the surfaces of all fluids, with any force, 
without passing through them or entering into them ; so that the 
sofest bodies sustain this pressure without suffering any change 
in their figure, and the most brittle bodies bear it vnthout being 
broken. Thus the weight of the atmosphere presses upon the 
surface of water, and forces it up into the barrel of a pump. It 
likewise keeps mercury suspended at such a height, that its weight 
is equal to the pressure, and yet it never forces itself through the 
mercury into the vacum above. 

Another property of the air is, that it is expanded by heat, and 
condensed or contracted by cold : hence the fire rarefying the 
air in the chimneys, causes it to ascend the funnels ; while the 
air in the room, by the pressure of the atmosphere, is forced to 
supply the vacancy, and rushes into the chimney in a constant 
torrent, bearing the smoke into the higher regions of the atmos- 
phere. In large cities, in the winter, where there are many fires, 
people, and animals, the air is considerably more rarefied than in 
the adjoining country; for which reason, continual currents of 
colder air rush in at all the exterior streets, bearing up the atten- 
uated and contaminated air above the tops of the nouses and 
the highest buildings, and supplying their place with air of a 
more salubrious quality. The more extensive winds owe their 
origin to the heat of the sun ; this heat acting upon some part of 
the air causes it to expand, and become lighter, and consequently 
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it mast uceod ; while the air Bdjoining, wfaieh it mora deim aad 
heavy, wiU pren fbrwafd towanlB the place where it ia nrafiad 
UpOD tUi {winciple, we can easily accouat ^ the trada-wiiid^ 
mksh hknr constantly from east to west aboat the equator.; fiv 
srheo the no shiDei perpendicalarly on any part of the eutb^ it 
will heat and rarefy the air in that part, and caoae it to aacendt 
while the adjacent air will ru^ in to supply its place, and cot— 
qnently will cause a stream or cnrTent of air to now bom all pntt 
towaras that wl^ is the most heated by the son. Bm m ths 
mo, with respect to the earth, moves fixtm east to west, the ooBr 
moQ course (^ die air will be from east to west ; and therdbra at 
or near the equator, where the mean heat of the earth is the paik- 
eit, the wind will blow coDtinually from the east; butoDtheiKatfa 
flde of the equtior it will decline a little to the noith; MM],«a 
the sooth side oftheeguatw it will decline to the aouth. If the 
earth were covered with water, the motion of the wind iinidJ 
Ibllow the tq)psu«nt motion of the sun, in the same mannern the 
motioa of toe water would fellow the motion of the iDoan ( bi^ 
as the regular couive of the tides is changed by the obstniatiDBjaf 
ctmtinents, islands, &g. so the regular course of the winds a rhaw 
ed-tw high mountains, by tiie declination of the sun towarda the 
north and south, by burning sands which retain the wiHn heat to 
an incredible degree, by the felling of great quantitiea of rain, 
which causes a suden condensation or contraction of the air, by 
exhalations that rise out of the earth at certain times and places, 
and from various other causes. Thus, according to Dr. Halley, 
between the 3d and 10th degrees of south latitude, the south-east 
trade-vrind continues from April to October; during the rest of 
the year the wind blows from the north-west ; but between Suma- 
tra and New-Holland this monsoon* blows from the south during 
our summer moaths : it changes about the end of September, and 
continues in the opposite direction till April. / 

Over the whole of the Indian Ocean, to the ntmh-^ffrd of the 
third degree of south latitude, the north-east trade-wind blows 
from October to April, and a south-west wind from April to Oo- 
tober|-. From Borneo, along the coast of Malacca, and as lar as 
China, this monsoon in our summer blows nearly from the south. 



* The regalnr winds in the Indi&n aeu are called mcn«oiu, frain the Malay 
If old nuxuin, which BigniGea " & Beason." Forest'a Vojiue, page 95. 

t The gtudent will find these ninds lepreaented on Adama' ^bes, by arrowa 
having the barbed points Byiag in tbe direction of the wind, as if shot from a bow j 
and, where tbe winds are variabla, these anows seem to be 6ying in sU directkins. 
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and in the winter from north by east. Near the coast of Africa, 
between Mosambique and Cape Guardafui, the winds are irregu- 
lar during the whole year, owing to the different monsoons which 
surround that particular place. Monsoons are likewise regular in 
the Red Sea ; between April and October they blow from the 
north-west, and during the other months from the south-east, keep- 
ing constantly parallel to the Arabian coast.* 

On the coast of Brazil, between Cape St. Augustine and the 
island of St. Catherine, from September to April the wind bk>ws 
from the east or north-east ; and from April to September it blows 
from the south-west ; so that monsoons are not altogether con- 
fined to the Indian Ocean. 

On the coast of Africa, from Cape Bajador, opposite to the Ca- 
nary Islands, to Cape Yerd, the winds are generally north-west ; 
and from hence to the island of St. Thomas, near the equator, 
they blow almost perpendicujar to the shore. 

In all maritime countries of any considerable extent, between 
the tropics, the wind blows during a certain number of hours from 
the sea, and during a certain number from the land ; these winds 
are called sea and land breezes. During the day, the air above 
the land is hotter and more rare than that above the sea ; the 
sea air therefore flows in upon the land, and supplies the place 
of the rarefied air, which is made to float higher in the atmos- 
phere ; as the sun descends, the rarefaction of the land air is di- 
minished, and an equilibrium is restored. As the night ap- 
proaches, the denser air of the hills and mountains (for where 
there are no hills, there are no sea and land breezes) falls down 
upon the plains, and pressing upon the air of the sea, which has 
now become comparatively lighter than the land air, causes the 
land breeze. 

The Cape of Gk>od Hope is famous for its tempests, and the 
singular cloud which produces them : this cloud appears at first 
only like a small round spot in the sky, called by the sailors the 
Ox's Eye, and which probably appears so minute from its exceed- 
ingly great height. 

In Natolia, a small cloud is often seen, resembling that at the 
Cape of Good Hope, and from this cloud a terrible windf issues, 
which produces similar efiects. In the sea between Africa and 
America, especially at the equator and in the neighbouring parts, 
tempests of this kind very often arise, and are generally announced 

♦ Bnice'B TraTela, voL L chap. iv. 

f TbtB wind seenw to b« described by St. Paul, in the 87th chapter Of the Acts, 
by the name of the Euroclydon* 
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bv Hnall black clouds. The first blast which proceeds iiY>m these 
cloiids is furious, and would sink ships in the open sea, if the sail- 
on did DOt take the precaution to iurl their sails. These tempeatji 
seem to arise from a sudden rarefacUon of the air, which produces 
a kind of vacuum, and the cold dense air rushing in to supply the 
place. 

Hurricanes, which arise from similar causes, have a whiriing 
motion which nothing can resist. A calm generally precedes 
these horrible tempests, and the sea then appears like a piece of 
glass ; but, in an instant, the fury of the winds raises the waves 
to an enormous height. When from a sudden rarefacti<Hi, or 
any other cause, contrary currents of air meet in the same pmnt, 
a whirlwind is produced. 

The force of the wind upon a square foot of surface is neaiiy as 
the square of the velocity ; that is, if on a square board of ooe 
foot in surface, exposed to a wind, there be a pressure of ooe 
pound, another wind, with double the velocity, will press the 
board with a force of four pounds, &x. The following table, ex- 
tiacted from the Philosophical Transactions, shows the velocity and 
pressure of the winds, according to their different appellationi. 





Vslocilj of the wind. 


Perpendicular 












zJd/riH 


winde. 






Miles in one 


Feet in one 






hour. 


second. 


dupeis. 
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1.47 


,005 


Hardly perceptible. 
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4.40 1 


.020 1 
.044 i 


Just perceptible. 
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5.67 1 
7.33 1 


.079 1 
.123 ( 


Geiillo pleasant wind. 
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14.67 1 
22.00 ) 


.4<t2( 
1.107 i 


FleasaDt brisk gale. 






20 1 
25 J 


29.34 1 
36.67 ) 


1.968 ( 
3.075 ) 


Very brisk. 






30 ) 
35 i 


44.01 ( 
51.34 i 


4.429 1 
6.027 j 


High winds. 






40 1 
45 J 


58.68 t 
66.01 { 


7.S73 I 
9.963 f 


Very high. 






SO 


73.35 


12.300 


A storni or tempest. 






60 


88.03 


17.715 


A great storm. 






BO 


117.36 


31.490 


( A hurricnne that tears 
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49.200 


< up trees, and carries 
(buitdinEs.&c. before it. 
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CHAPTER IX. 

Of Vapours, Fogs and Mists, Clouds, Dew and Hoar Frost, Ratfi, 
Snow and Hail, Thunder and Lightning, Falling Stains, Ignus 
Fatuus, Aurora Borealis, and the Rainbow. 

1. Vapours are composed of' aqueous or watery particles, 
separated from the surface of the water or moist earth by the ac- 
tion of the sun's heat; whereby they are so rarefied and sepa- 
rated from each other, as to become specifically lighter than the 
air, and consequently they rise and float in the atmosphere. 

2. Fogs and mists. Fogs are a collection of vapours which 
chiefly rise from fenny, moist places, and become more visible as 
the light of the day decrease^. If these vapours be not dispersed, 
but unite with those that rise from water, as from rivers, lakes, 
&c. so as to fill the air in general, they are called mists. 

3. Clouds are generally supposed to consists of vapours ex- 
haled from the sea and land.'''' These vapours ascend till they are 
of the same specific gravity as the surrounding air ; here they 
coalesce, and by their union become more dense and weighty. 
The more thin and rare the clouds are, the higher they soar, but 
their height seldom, if ever, exceeds two miles. The generality 
of clouds are suspended at the height of about a mile ; sometimes, 
when the clouds are highly electrified, their height is not above 
seven or eight hundred yards. The wonderful variety in the 
colours of the clouds is owing to their particular situation to the 
sun, and the difierent reflections of his light. The various figure 
of the clouds probably proceeds from their loose and voluble tex- 
ture, revolving in any form, according to the different force of 
the winds, or from the electricity contained in them. 



* Dr. Thomson, in vol. iv. of his Chemistry, page 79, &c edition of 1810, says, 
it is remarkable that, though the greatest quantity of vapours exist in the lower 
strata of the atmosphere, clouds never begin to form there, but always at some 
considerable height. The beat of the clouds is sometimes greater than that of the 
surrounding air. The formation of clouds and rain is neither owing to the satu- 
ration of the atmosphere, nor the diminution of heat, nor the mixture of airs of dif- 
ferent temperatures. Evaporation often goes on for a month together in hot 
weather, especially in the torrid zone, without any rain. The water can neither 
remain in the atmosphere, nor pass through it, in a state of vapour : What thea 
becomes of the vapour after it enters the atmosphere? what makes it lay aside the 
new form which it must have assumed, and return again to its state of vapour, and 
fall down in rain? Till these questions are experimentally answered, Dr. Thom- 
son concludes, that the formation of clouds and rain cannot be accurately account- 
ed for. 

15 
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The general colour of the sky is blue, and this is occasioned 
by the vapours which are always mixed with the air, and which 
have the property of reflecting the blue rays, more copiously than 
any other.* 

4. Dew. When the earth has been heated in the day time 
by the sun, it will retain that heat for some time after the sun has 
set The air being a less dense or less compact substance, will 
retain the heat for a less time : so that in the evening the surface 
of the earth will be warmer than the air about it, and consequent- 
ly the vapours will continue to rise from the earth ; but, as these 
vapours come immediately into a cool air, they will only rise to 
a small height ; as the rarefied air in which they began to rise 
becomes condensed, the small particles of vapours will be brought 
nearer together. When many of these particles are united, they 
form dew ; and, if this dew freeze, it will produce hoar-frost. 

5. Rain. When the weight of the air is diminished, its density 
will likewike be diminished, and consequently the vapours that 
float in it will be less resisted, and begin to fall, and, as they be- 
gin to strike upon one another in falling, they will unite and form 
small drops. But when the small drops of which a cloud con^ 
sisted are united into such large drops, that no part of the atmos- 
phere is suflSciently dense to produce a resistance able to sup- 
port them, they will then fall to the earth, and constitute what we 
call rain. If these drops be formed in the higher regions of the 
atnwsphere, many of them will be united before they come to the 
ground, and the drops of rain will be very large.f The drops of 
rain increase so much both in bulk and motion, during their de- 
scent, that a bowl placed on the ground would/ receive, in a show- 
er of rain, almost twice the quantity of water that a similar bowl 
would receive on a neighbouring high steeple.J The mean an- 
nual quantity of rain is greatest at the equator, and decreases 
gradually as we approach the poles. Thus, at 

§Grenada, West Indies, 

St. Domingo, Cape St. Francois 

Calcutta - - - . 

In England - - . . 

Petersburgh 



Latitude. 


Depth of rain. 


12° 0' - 


126 inches. 


19^ 46' - 


120 


2a 23' - 


81 


53' 0' - 


32 


59' 16' - 


16 



* Saussure, Voyage dans les Alpes, vol. iv. p. 29S. 

t Dr. Rutherford's Natural Philosophy, vol. ii. chap. 10. Signior Beccaria, 
whose observations on the general state of electricity in the atmosphere have been 
very accurate and extensive, ascribes the cause of rain, hail, snow, &c. &c. to the 
efiect of a moderate electricity in the atmosphere. 

X Mr. Adam Walker's Famihar Philosophy, lect. v. page 215. 

§ Dr. Thomson's Chemistry, vol. iv. page 83, &c. edition of 1810. 
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On the contrary, the number of rainy days is smallest at the 
equator, and increases in proportion to the distance from it. The 
number of rainy days is often greater in winter than in summer; 
but the quantity of rain is greater in summer than in winter. 
More rain falls in mountainous countries than in plains. Among 
the Andes, it is said to rain almost perpetually, while in the plains 
of Peru and Egypt, it hardly ever rains at all. The mean an- 
nual quantity of rain for the whole globe is estimated by Dr. 
Thomson at 34 inches in depth ; hence may be found the whole 
quantity of rain that falls in a year upon the whole surface of the 
earth and sea, in the same manner as the number of cubic inches 
were found in the atmosphere, in chapter VIII. of this work. 
The same author observes that, for every square inch of the 
earth's surface, about 41 cubic inches of water is annually evap- 
orated ; so that the average quantity of rain is considerably less 
than the average quantity of water evaporated. 

6. Snow and habl. Snow consists of such vapours as are fro- 
zen while the particles are small ; for, if these stick together after 
they are frozen, the mass that is formed out of them will be of a 
loose texture, and form little flakes or fleeces, of a white substance, 
somewhat heavier than the air, and therefore will descend in a 
slow and gentle manner through it. Hail, which is a more com- 
pact mass of frozen water, consists of such vapours as are united 
into drops, and are frozen while they are falling.* — ^ 

7. Thunder and lightning. It has been already observed, 
that the atmosphere is the common receptacle of all the efiluvia 
or vapours, arising from different bodies. Now, when the effluvia 
of sulphureous and nitrousf bodies meet each other in the air, 
there will be a strong conflict, or fermentation between them, 
which will sometimes be so great as to produce fire.J Then, if 
the effluvia be combustible, the flre will run from one part to an- 
other, just as the inflammable matter happens to lie. If the in- 
flammable matter be thin and light, it will rise to the upper part 
of the atmosphere, where it will flash without doing any harm ; 
but if it be dense, it will lie near the surface of the earth, where, 
taking fire, it will explode with a surprising force, and by its heat 
rarefy and drive away the air, kill men and cattle, split trees, 
walls, rocks, &c. and be accompanied with terrible claps of thun- 



* Rutherford's Philosophy, vol. ii. chap. 10. 

t Gunpowder, the effects of which are similar to thunder and lightning, is oom- 
posed of six parts of nitre, one part of sulphur, and one part of charcoal. 

\ Professor Winkler's Philosophy. 



114 or T&rouss, foos, cuovtm, &c. Part 1 

der. The efects of ihuoder and lightning are owing to the sod- 
dcD and violenl agitation (he air is put into, together with tho 
force of the explmioD. Stones and bricks struck by lightning, 
are oflen fouod in a vitrified slate, Si^nior Beccaria BU[^KMea 
that sofDC stones in (be earth, having beeo struck in this manDer, 
gave rise to the vuloar opinioD of the thunder-bolt. It is now 
generally admitted that li^tniog and the electrical fluid are tbs 
Rinie.' 

8. Thk FAUJ5G STAK3, and other fiery meteore, which are 
frequen'h' seen at a coo^eiable height in the atmosphere, and 
which have received ditTerent names according to the variety of 
their figure and rize. arise from (he fermeutatmn of the efBuvia 
of acid and alkaline bodies, which float in (he atmosphere. When 
(he more suiilile p^irts of (he effluvia are burnt away, the visoous 
and earthy parts become too heavy for (he air to support, and by 
their gravity fail to the earth. 

The di^ppearanoe of fieiy meteors is frequently accompanied 
by a loud explosion like a clap of thunder, and heavy stony bodiea 
hare been observed to fall from them to the earth. Dr. Tbom- 
sont has given a table of thirty-six showers of stones, with the 
places where (her fell, the dates, himI the testimonies annexed.^ 

These stwiey bodies, when found, are always hot, and their size 
differs from a few ounces to sevei-al tons. They are usually 
round, and always covered with a black crust. When broken, 
they appear of an ash grey colour, and of a granular texture, like 
coarse sand-stoiio. These substances are probably concretions 
actually formed in ihc atmosphere, but in what manner no ra- 
tional account has yet been given. Some philosophers conjecture 
that meteoric stone are projected from the moon by volcanoes ; 
the velocity necessary for thi^ projection being only about 7000 
feet per second, or a 111 tie more than thrice tho greatest velocity of a 



• Signior Beccaria, of Turin, obaerTea that the atmoBphere abounda wilh elec- 
tricit}> j and if a cloud which is posilively charged (viz. whicli has more Ihan its 
nkturai ahare of electrical fluid) pass near atiothet cloud which ia negalivcly 
charged (viz. which has less than its natural ahare orelcctriisl fluid), they will at- 
tract each other, and a cjuiek deprivation of the electrical fluid will take pface ; the 
flash is called linlitiiinc, and the report thunder ; f the ensuing rollings are only 
echoes from distant cTouds;) the water, thus deprived of ita usual support, falla 



t Chemistry, edition of 1810 vol. iv. pi 
t In the fitsl volume of the EdinburKi 



urgh Philosophical Journal (IS19) pag 
snow, and other suhslnncei, which have fallen from the heaven 
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cannon ball. Others imagine that these stones are small frag- 
ments of terrestrial comets, which sometimes pass through our 
atmosphere, and have their surfaces violently heated by the re- 
sistance of the air ; in consequence of which small portions of 
the comet are detached from its surface, and precipitated to the 
earth. 

9. Of THE IGNIS FATuus, commouly called WUl-tmth'a'Whisp 
or Jack mth-a- Lantern. This meteor, like most others, has not 
failed to attract the attention of philosophical inquirers. Sir 
Isaac Newton, in his Optical Queries, calls it a vapour shining 
without heat. Various accounts of it may be seen in the Phi« 
losophical Transactions.'*' The most probable opinion is, that it 
consists of inflammable air,f or oleaginous matter, emitted from 
a putrefaction and decomposition of vegetable substances, in 
marshy grounds ; which being kindled by some electric spark, or 
other cause unknown to us, will continue to burn or reflect a kind 
of thin flame in the dark, without any sensible degree of heat, 
till the matter which composes the vapour is consumed. This 
meteor never abounds on elevated grounds, because they do not 
sufficiently abound with moisture to produce the inflammable air, 
which is supposed to issue from bogs and marshy places. It is 
often observed flying by the sides of hedges, or following the 
course of rivers ; the reason of which is obvious, for the current 
of air is greater in these places than elsewhere. These meteors 
are very common in Italv and in Spain. Dr. Shaw;]; has describe 
ed a remarkable ignis fatuus, which he saw in the Holy Land, 
when the atmosphere was so uncommonly thick and hazy, that 
the dew on the horses' bridles was remarkably clammy and unc- 
tuous. This meteor was sometimes globular, then in the form of 
the flame of a candle, presently afterwards it spread itself so 
much as to involve the whole company in a pale harmless lights 
and then it would contract itself again, and suddenly disappear ; 
but, in less than a minute, it would become visible as before, and 
running along from one place to another with a swift progressive 
motion, would again expand itself, and cover a considerable space 
of ground. 



'*' Mr. Ray and some others 8up{>ose it to be a collection of gbw-toorms flying 
together; but Dr. Derham refuted this opinion. No. 411. 

t Inflammable air may be made thus : exhaust a receiver of the air-pump, let th# 
air run into it through the flame of the oil of turpentine, then remove the cover of 
the receiver, and hold a lighted candle to the air, it will Uke fire, and bum quicker 
or slower according to the density of the oleaginous rapoor. 

X Shaw's Travels, p. 363. 
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10. Of the aurora borealis, or northern lights. There 
have been various opinions and conjectures respecting the cause 
and properties of these extraordinary phenomena ;^ and the moat 
probable opinion is, that they arise from exhalations, and are pro- 
duced by a combustion of inflammable air, caused by electricity. 
This inflammable air is generated particularly between the tropics, 
by many natural operations, such as the putrefaction of animal 
and vegetable substances, volcanoes, &c. ; and being lighter than 
any other, ascends to the upper regions of the atmosphere, and, 
by the motion of the earth, is urged towards the poles ; for it has 
been proved by experiments that whatever is lighter, or swims 
on a fluid which revolves on an axis, is urged towards the extreme 
points of that axis :t hence these inflammable particles continually 
accumulate at the poles, and by meeting with heterogeneous 
matter take fire, and cause those luminous appearances frequently 
seen towards the polar regions.^ 

In high latitudes the Auroras Boreales appear with the greatest 
lustre, and extend over the greatest part of the hemisphere, vary- 
ing their colours from all the tints of yellow to the most obscure 
russet.^ In the north-east parts of Siberia, Hudson's Bay, &c. 
they are attended by a continued hissing and cracking noise 
through the air, similar to that produced by fire-works.|| 

11. Of the rainbow. The rainbow is the most beautiful 
meteor with which we are acquainted : it is never seen but in 
rainy weather, where the sun illuminates the falling rain, and when 
the spectator turns his back to the sun. There are frequently two 



* Philosophical Transactions, Nos. 305, 310, 320, 347, 34S, 349, 351, 352, 363, 
365, 368, 376, 335, 395, 398, 399, 402, 410, 418, 431, and 433, &c. 

t See Mr. Kirwan's account of the Aurora Borealis, Irish Phil. Transactions for 
1788, page 70. 

J We have very few accounts of the Aurora Australis, or Southern Lights, 
owing perhaps to the want of observations in those remote parts of the globe, and 
a proper channel of information. Captain Cook, in his second voyage towards the 
south pole, says: "(February 17th, 1773:) We observed a beautiful phenomenoa 
in the heavens, consisting of long columns of clear white light, shooting up from 
the heavens to the eastward, almost to the zenith, and gradually spreading over the 
whole southern part of the sky. Though these columns were in most respects 
similar to the Aurora Borealis, yet they seemed to difler from them in being always 
of a whitish colour. The stars were sometimes hid by, and faintly to be seen 
through, the substance of these Aurora Australes. The sky was generally clear 
when they appeared, and the air sharp and cold, the thermometer standing at the 
freezing point ; the ship being in latitude 58o south. 

§ Dr. Rees' New Cyclopaedia, word Aurora Borealis. 

II Philosophical Transactions, vol. Ixziv. page 2S8. 



Chap. IX. OF THE RAINBOW. 119 

bows seen, the interior and exterior bow. The interior bow is 
the brightest, being formed by the rays of light falling on the up* 
per parts of the drops of rain ; for a ray of light entering the 
upper part of a drop of rain, will, by refraction, be thrown upon 
the inner part of the spherical surface of that drop, whence it 
will be reflected to the lower part of the drop, where, undergo- 
ing a second refraction, it will be bent towards the eye of the 
spectator ; hence the rays which fall upon the interior bow come 
to the eye after two refractions and one reflection, and the col- 
ours of this bow from the upper part are red, orange, yellow, green^ 
blue, indigo, and violet. The exterior bow is formed by the rays 
of light falling on the lower parts of the drops of rain ; these rays, 
like the former, undergo two refractions, m, one when they en- 
ter the drops, and another when they emerge from the drops to 
the eye ; but they sufler two or more reflections in the interior 
surface of the drops ; hence the colours of these rays are not so 
strong and well defined as those in the interior bow, and appear 
in an inverted order, viz. from the under part they are red, or^ 
ange, yellow, green, blue, indigo, and violet. To illustrate this 
by experiment, suspend a glass globe filled with water in the sun- 
shine, turn your back to the sun, and view the globe at such a 
distance that the part of it the farthest from the sun may appear 
of a full red colour, then will the rays which come from the globe 
to the eye make an angle of 42 degrees with the sun's direct rays ; 
and if the eye remain in the same position, and another person 
lower the glass globe gradually, the orange, yellow, green, &c. 
colours, will appear in succession, as in the interior bow. Again, 
if the glass globe be elevated, so that the side nearest to the sun 
may appear red, the rays which come from the globe to the eye 
will make an angle of about 50 degrees ; then, if another person 
gradually raise the glass globe, while the spectator remains in the 
same position, the rays will successively change from red to or- 
ange, green, yellow, &c. as in the exterior bow. These observa- 
tions being understood, letdne (Plate IV. Fig. 1.) represent a 
drop of rain belonging to the interior bow, s <? a ray of light fall- 
ing on the upper part of the drop Bid; instead of the ray contin- 
uing its direction towards f, it will be refracted or bent towards 
n, whence part of it (for some will pass through the drop) will 
be reflected to e, making the angle of incidence d n'k equal to 
the angle of reflection e nk; instead of continuing its direction 
from e towards /, it will, by emerging out of the water into the 
air, be again refracted to the eye at o. But, as this ray of light 
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cntMisIs of B pencil* of rays, some of which are more refrnn^ 
btef than others, the violet, which is the most refrangible, will 
proceed towards b, and the red, which is the least retraugiblei 
will proceed towards o. Now, if the eye of the spectator be 
80 placed that the ray of light falling upon it has beea ooce re- 
flected, and twice refracted, so that oe shall make, with the solar 
ray, s d, an angle s m o of 4'2'' ^X' ^^ ^'" ^^^ ^^^ ^^ ^V *" ^ 
direction o e m ; and if the eye be raised to b, so that b e shall 
make, with (he solar ray s d, an angle b f s of 40 17' the violet 
ray will be seen in the direction b c f ; the red ray will appear 
the highest, the violet the Icn^c^, apd the rest in order according 
to their different refrangibility, as in the .interior bow (-Pig- '^ 
Plate IV.) ; for the drop of water descends from f to e. Wtwt 
has been observed of one drop of water, will be true in an infinite 
number of drops ; hence the interior bow is composed of a cir- 
cular arc, whose breadth f e. is proportioned to the difference be- 
tween the least and most refrangible rays. 

To explain the exterior bow, Let c I nd (Plate IV. Fig. 1.) rep- 
resent a drop of rain, a d a ray of light falling upon tbe under 
part of it at d ; iosteed of this ray continuing its direction towards 
in, it will be refracted to n, whence part of it will pass through tbe 
drop, and the rest will be reflected Xo t ; at f a part of it will again . 
pass through the drop, and the remainder will be reflected to c; 
then in emcrf^ing from the water into the air, instead of contin- 
uing the direction cz, it will be refracted from c: to the eye at o. 
But as this ray of light, like that in the interior bow, consists of a 



* A pencil of rnys \s (i portion of light ofaoonicnl form if iperging or proceeding 
from a point; or tonriing (o a point, in which case the raya are said io amverge. 

\ RefranRibilitj of tho rajs of light is tixat tendoncj to deviate from Iheirnatunl 
course. Tboao raja which dcvialf the moal from their nalntBl course, in passing 
oul of one medium into another, are said to bo the most refrangible ; and Ihoae 
which deviate the least from their natural course are the least refrangible. Sir 
Isaac Newton, hy eipcrimcnt, found the red rays lo be the leaat refrangible, and 
, the violet rajis the most; and those rajs which are the least refrangible are like- 
wise the leaat reflcsiblo. 

X The Bine of incidence and refraction of the least refrangible rays out of witar 
mto air, is as 3 to 4, or as SI to lt»8; and the moat refrangible, as 81 to 109, 
Emerson's Optics, p. 92— The same author, al page 837. prob. x»vi. of hia Optics, 
y IheTnethod of fluiions or increments, and uaing the numbers above, tinda that 

w u„.u„L.,. .. ... ihcfncidcnlraj.intheinJeriorbow, 

and for the exterior bow, these an- 
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pencil of rays of different refrangibility, the red, which is the least 
refrangible, will proceed towards a ; and the violet, which is 
the most refrangible, will proceed towards o. Now, if the eye 
of the spectator be so placed that the ray of light falling upon it 
has been twice reflected, and twice refracted, so that o o shall 
make with the solar ray s o an angle s o o of 54^ 7', he will see 
the violet ray in the direction of ocv; and if the eye be raised 
to A, so that A o shall make with the solar ray s o an angle s o a of 
50° 57 , the red ray will be seen in the direction act; the violet 
ray will appear the highest, and the red ray the lowest, and the 
rest in order according to their different refrangibility, as in the 
exterior bow (Plate IV. J^ 2.) for the drop of water descends 
from II to d. The same observations apply to an infinite number 
of drops, as in the interior bow. 

Hence, if the sun were a point, the breadth of the exterior bow" 
would be (54" 7—50^ 57' =) 3^ 10 , that of the interior bow (42° 
2' — 40^ 17 =) 1<> 45', and the distance between them (50** 57'— 
42^ 2 ==) 8° 55'; but, as the mean diameter of the sun is about 
32' 2", the breadths of the bows must be increased by this quan- 
tity, and their distances diminished ; the breadth of the exterior 
bow will then be 3° 42^, that of the interior bow 2° 17', and their 
distance 8° 23'. The greater semi-diameter of the interior bow 
will be (42°2' + 16', the sun's semi-diameter =) 42<> 18', and the 
least semi-diameter of the exterior bow (50*^ 57' — 16' the sun's 
semi-diameter =) 50° 41'. 

All rainbows are arcs of equal circles, and consequently are 
equally large, though we do not always see an equal quantity of 
them ; for the eye of a spectator is the vertex of a cone, and its 
circular base is the rainbow, the semi-diameter of which (for the 
interior bow) is the fixed quantity 42° 18', equal to an angle fop ; 
and as sf will in all situations be parallel to op, and the angle sfo, 
equal to fop, must be always equal to 42^ l8', it is evident that 
as s rises, f and p will sink ; and when sf makes an angle of 42° 
18^ with the horizon, of will coincide with oq, and the interior 
bow will vanish ; hence the interior bow cannot be seen if the 
sun's altitude exced 42° 18' : a^in, as the point p rises, the point 
8 will sink, and when op coincides with oq, sf will be parallel to 
the horizon, {viz. the sun will be rising or setting,) and the whole 
semi-diameter of the rainbow will appear, which is the greatest 
part of it that ever can be seen on level ground : hence half a 
rainbow is the most that can be seen in such a situation ; but if 
the observer be on the top of a high mountain, such as the ApdeSi 
with his back to the sun, and if it rains in a valley before him, a 

16 
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whole rainbow may be seen, forming a complete circle. The 
above reasoning is equally applicable to the outer bow; hence, 
as the sun rises, the bows sink, and when its altitude exceeds 439 
18 , the interior bow cannot be seen, and, if it exceeds (54o 7' + 
16' =) 54'^!23', the exterior bow cannot be seen. 



PART 11. 

THB ELESIENTART FRINCIFLES OF ASTRONOMY. 



ASTRONOMY determines the altitudes, distances, magnitudes, 
and orbits of the heavenly bodies ; describes their various ap- 
parent and real motions, their periodical revolutions, eclipses 
or occulations, and furnishes us with a rational account of the 
various phenomena of the Heavens. 



CHAPTER I. 

The General Appearance of the Heavens. 

If, on a clear night, we stand facing the south, and observe the 
heavens, they will appear to undergo a continual change.* Some 
stars will be seen ascending from the east, or rising; others de- 
scending towards the west, or setting. In some intermediate 
point between the east and west, each star will reach to its great- 
est height, or, will culminate. The greatest heights of the several 
stars will be different, but these heights will all be attained when 
the stars have arrived at a point exactly half way between the 
east and the west, viz. at the south. 

If we now turn our backs to the south, and observe the north, 
new phenomena will present themselves. Some stars will appear 
as before, rising, attaining their greatest heights, and settmg; 
other stars vrill be seen, that never set, moving with different de- 
grees of velocity ; and some nearly stationary. 

The stars which never set appear to revolve about one particu- 
lar star, and to diescribe circles of greater or less circumferences, 
according to their distances from that star. The stationary star 
is called the Polar star, and the stars which revolve round it at 
small distances are called the drcumpolar stars. 

The polar star which appears in the heavens is not stationary, 
neither is it situated exactly in the pole, but about a degree and 



* Expontion du SystSmo da Monde, p. 8. 



134 THE APPBABANCB OP THE BEATEHS. PotiU. 

three quarters from it* ; that is, from a point in which, if a rtnr 
were situated, it would appear perfectly fixed. 

The general appearance, therefore, of the starry heavens, is 
thai of a vast concave sphere, turning round two imaginary fixed 
points diamelrically opposite to each other, the one in the north, 
the other In the south, and this apparent revolution is performed 
in about 34 hours. 

Almost all the stars in the heavens retain towards each other 
the same relative position, they neither approach towards, nor 
recede from each other, and are therefore called fixed stars. 
There are, however, other celestial bodies, having the appear- 
ance of stars, which continually change their places. These are 
called planets. 

The two celestial bodies of the most interesting appeamnce, 
and which claim our greatest attention, are the sun and the moon. 
These vary their situationB from day lo day, in the heavens ; 
sometimes they appear in the same point of the heavens, and at 
other times directly opposite to each other. 

The moon changes her figure every month, in which time she 
makes a complete tour round the heavens; and though she appears 
to rise and set every day like the stars, and to move from east to 
west, yet her apparent motion is retarded, and when compared 
with any particular fixed star she seems to go backward or towards 
the east : that is, if on any night she be seen in conjunction with a 
particular fixed star, the next night slie will appear about 13° to 
the eastward of that star, the succeeding night at the same hour 
she will appear 26° to the eastward of the star, and so on. 

The common phenomena of the rising and setting of the stars, 
and their apparent revolution from east to west, are easily ac- 
counted for, on the simple hypothesis of the earth's revolution on 
its axis from west to east (See Part I. Chap. IV.) ; but the con- 
tinual change of place which the sun, the moon, and the planets 
undergo, cannot be accounted for on the same hypothesis, nor on 
the supposition that the whole heavens revolve from east to west 
in 24 hours. 

The sun, apparently, moves towards the stars, which set after 
him, and from those which set before him : that is, to a spectator 
in the northern hemisphere, facing the south, his apparent motion 
is from the right hand to the left. 

The sun's apparent motion from west to east with respect (o 
the fixed stars, will adequately explain why certain remarkable 
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stars, and groups of stars called constellcUions, are seen in the 
south at different hours of the night during the year. For the hour 
depends entirely on the sun : it is noon when he is in the south. 
Stars which are directly opposite him are, therefore, by the rota- 
tion of the earth on its axis, brought to the meredian at midnight. 

But the stars which are on the meredian at 12 o'clock one night 
cannot again be there at the same hour on the succeeding night ; 
for the sun s place being removed a little to the east, the stars 
which were opposite to him before are now opposite to a part of 
the heavens a little to the westward of the sun, and therefore they 
will come to the meridian a little before midnight : and, on each 
succeeding night they will come to the meridian by greater in- 
tervals before midnight ; so that, in the course of the year they 
are all successively in the south, though sometimes they are in- 
visible on account of their nearness to the sun. 

The moon also moves among the stars from the west towards 
the east, more rapidly than the sun appears to move : the apparent 
motion of the sun arises from the real motion of the earth in its 
orbit, which is at the rate of about one degree in a day, {see Def. 
61, note^ V^g^ 36,) whereas the motion of the moon is about 
thirteen degrees in a day {see the note^ p^g^ ^l). The planets 
also, if observed on succeeding nights, will appear to change 
their places amongst the fixed stars, though when viewed from 
the earth they will not always appear to move towards the east, 
but sometimes towards the west, and at other times, for several 
nights together they will appear stationary. 

The apparent motion towards the west, and the stationary 
appearance, are merely optical and illusory, arising from the 
combination of the earth's motion with that of the planet. Viewed 
from the sun, the motion of the planets is always in the same di- 
rection, and they never appear to be stationary. 

The apparent motion of the sun, and the reai motion of the 
moon and the planets from west to east, must be combined with 
the diurnal motion of the earth on its axis from east to west. The 
apparent motion of the stars from east to west is so rapid when 
compared with the real motion of the planets from west to east, 
that the latter motion passes unnoticed by inattentive spectators. 



CHAPTER n. 



Of the Sttmatiom rf the principdl CcmsJeOaiicmM^ ami At Ma 
cf dittingmMng them from each other. 

Thb ftariy with req>ect to their apparent q>leodcNBv are dir^^ 
into diflerentdatres, called Mogiitfittfef. TbebriglitestarecaDed 
itan of the fint magnltade; the nmtl to these in splenkNDv slan 
of the second macnitode, and so on Ur those which are just per- 
cqitible to the naked eye, and which are called stars of the sixth 
magnitode. Those which cannot be discerned without the as- 
sistance of a telesccm, are called Tdewcopie StarSj and are 
divided into classes of the seventh, eighth, Ac magnitodes. 

The ancients divided the stars into diffisrent groups c^led oois- 
tteOations (see Def. 91), and gave particolar names to each, 
which names the sreater part of them have hitherto retained. 
The Pleiades and Orion are mentioned in the sacred writings by 
Job, and Homer and Hesiod describe several constellations by 
names which are now in general use. 

A knowledge of the principal constellations in the havens will 
be an useful acquisition to the student, and this may be obtained 
by noting the time when they come to the meredian, that is, to 
the south. 

There -are few persons who are unacquainted with the seven 
(six) stars called the Pleiades, or the beautiful constellation of 
Orton* The Pleiades come to the meridian of London about 
an hour before AIdebaran,f and Orion culminates an hour after 
that star; and, since the diurnal difference of time of a starts cul- 
minating is nearly equal to the diurnal difference of the sun's 
right ascension, viz. about four minutes ; a star will rise, come to 
the meredian, and set, nearly four minutes earlier every day, or 
about two hours in a month. 

The time of culminating of each of the zodiacal constellations 
is given in the following table, and likewise the semi-diurnal arc ; 
by which the time of rising and setting may be ascertained suf- 
ficiently accurate for practice. In the succeeding description, the 
principal constellations which culminate with the zodiacal con- 
stellations are pointed out, and their relative positions with re- 
spect to each other are shown ; so that the time of their coming 
to the meridian may be easily found for any given day in the year. 



* This constellation is delineated, agreeably to its appearance in the heavens, 
in plate V. 

t The time of this star's culminating on the first day of every month, is given in 
the following table. 
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mS TO KNOW THE CONSTELLATIONS. Part IL 

The constellations and principal stars {visible at London) which 
culminate with the zodiacal constellations are the following, count' 
ingfroin the horizon. 

1. YTith Aries (a Arietis.) The neck of Cetus, Triangulum^ 
Almaac in Andromeda, the head of Perseus, and the feet of Cas- 
siopeia. — ^M encar in Cetus, M usca, the head of Medusa, the body 
of Perseus, and the tail of Camelopardalus, culminate three-quar- 
ters of an hour after Arietis. 

2. With Taurus {AUlebaran.) Part of Eridanus and Camelo- 

Eardalus. — Algenib in Perseus culminates an hour and a quarter 
efore Aldebaran, the Pleiades three-quarters of an hour before 
it> Rigel in Orion, and Capella in Auriga, about half an hour af- 
ter it. 

3. With Gemini {Castor^ Canis Major, Monoceros, Canis 
Minor, and the Lynx.— Sirius culminates three-quarters of an 
hour before Castor, and Procyon about six minutes after Castor. 

4. With Cancer (Acubene.) The head of Hydra, the tail of 
the Lynx, and the head of the Great Bear ; none of which are 
of sufficient importance to attract the student's particular atten- 
tion. 

5. With Leo (Begulus.) Part of Hydra, Leo Minor, and the 
shoulder of the Bear. The pointers in the Great Bear come to 
the meridian (above the pole) an hour after Regulus. 

6. With Viigo (Spica,) The middle star in the tail of the 
Great Bear. — Coma Berenices and Cor Caroli culminate an hour 
before Spica ; and Arcturus in Bootes about an hour after Spica. 

7. With Libra {a on the ecliptic.) The left leg and the head 
of Bootes. — The head of the serpent, and Gorona Borealis cul- 
minate three-quarters of an hour after a in Libra. 

8. With Scorpio (Antares,) The left arm of Serpentarius, and 
the club and body of Hercules. 

9. With Sagittarius {the star in the bow marked S",) Scutum 
Sobieski, Cerberus in the left hand of Hercules, the head and 
body of Draco, and the pole of the ecliptic. — ^Vega in Lyra cul- 
minates a quarter of an hour after ^ in Sagittarius. 

10. With Capricornus {the star in the left horn marked ^.) 
The bow of Antinous, Vulpecula et Anser, and the neck and body 
of Cygnus. — ^Altair in the Eagle comes to the meridian half an 
hour before /S Capricorilus, and the head of the Dolphin a quar- 
ter of an hour after it. 

n. With Aquarius {the star in the right shoulder marked a.) 
The feet of Pegasus, the Lizard, and the head of Cepheus. — Fo- 
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malhout, in the Southern Fish, culminates three-quarters of an 
hour after a Aquarius, and Markab and Scheat in Pegasus an hour 
after it. 

12. With Pisces {the star in the string marked a.) The head 
of Aries, Triangulum, Almaac in Andromeda, the sword of Per- 
seus, and the feet of Cassiopeia. — a in the head of Andromeda 
culminates nearly two hours before a in Pisces, and M irac in An- 
dromea about an hour before it 

If the student observe the heavens in the month of January^ 
about ten o'clock in the evening, when the stars are shining very 
bright, he will perceive towards the south the Pleiades, already 
mentioned ; to the left hand of which, and a little lower, are Al- 
debaran, of a reddish colour, and the Hyades, in the Bull (cfeZtn- 
edted in Plate V.) Three stars in a row form the base of a tri- 
angle, of which triangle Aldebaran is situated at the vertex. Far- 
ther to the left hand, and a little higher than the Pleiades, is the 
remarkable constellation Auriga, which has exactly the appear- 
ance of the figure annexed. 
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The highest star towards the left hand is Capella, the star marked 
/S and y is situated in the Bull's north horn, and also in the right 
heel of Auriga. 

Imagine a line to be drawn from Capella through the star 
marked /S y towards the horizon, and it will pass throi^ the mid- 
dle of the constellation Orion. This constellation is delineated 
in Plate Y., and is so brilliant and conspicuous in the heavens that 
its figure when compared with the plate will easily be known. 

The three stars in a row form the Belt, and the largest star abbve 

17 
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Ae Bdt towards the left-lmid is Betelgeox, a star of the fint q| 
■Mguitialr ID Orion's ngfat sfaoolder. About 26^ from Betelgeux, .: 
towards the left-4iaDd is Procyoo, a star between the iirgt and 
aecood magnitades, in the constellation Canis MincM*. Between 
Betd^eox and Procjon, nearer to the horizon, is Sirins, easi^ 
dJ B ti ng u ished by its sd nt i lbtio n and histre; these three stars form 
an equilateral trian^e. 

To the left hand of Auriga, and at about the same distance 
finom CapeDa as Aldebaran is, yoa will perceive CastcH*, a star of 
the first magmtode in Gemini ; and near it towards the left-hand 
is PoUox. There are four stars in a line, about the half-way be- 
tween Betelgeox and CastcNr, these are the four feet of GeminL 
Castor culminates on the 1st of February, at half-past 10 o'clock. 
Sirius culminates three-quarters of an hour before Castor, and 
Procyon six minutes after. 

To the right hand of Auriga, and above the Pleiades, in a line 
with Castor and Capella, is Algenib, a bright star in the breast of 
Perseus, and farther to the right is Almaac in Andromeda ; these 
two stars, with Algol in the head of Medusa, form a triangle, of 
which Algol is the nearest to the Pleiades. Imagine a line to be 
drawn finom the Pleiades, through Algol, and it will pass through 
Cassiopeia. This constellation is usually descnbed by the figure 
of an inverted chair ; but there are five bright stars in it, which 
resemble the capital letter W, indifferently made, much more 
than a chair. 

To the right hand of the Pleiades, at a considerable distance, 
viz. about 22** is a Arietis, a star not very brilliant ; a line drawn 
from the Pleiades through this star will pass through Markab in 
Pegasus. The constellation Pegasus is very remarkable, the 
three principal stars in it, with the head of Andromeda, form a 
large square, of which the four comer stars are all of the second 
magnitude. The highest star towards the right-hand is S cheat ; 
it may be easily known by a kind of isosceles triangle, formed by 
three small stars, towards the right hand of it ; one of these stars 
is a little above Scheat. 
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If the student stand facing 
the north, he will perceive 
Ursa Major, or the Great 
Bear, the most conspicuous 
constellation in the heavens. 
It is visible at all times when 
there are any stars to be seen. 
The annexed figure repre- 
sents the Great Bear when 
below the pole. Of the seven 
brilliant stars in the Great 
Bear, those marked a and ^ 
are called the pointers, be- 
cause they direct the eye to a 
bright star at P, situated about 
a degree and three-quarters 
from the pole of the world, 
which star, from its vicinity to 
that imaginary point, is named 
the polar-star. 

Ursa Minor, or the Little Bear, has nearly the same shape as 
the Great Bear, but the situation is inverted, as represented by 
the figure, and the seven stars are not so bright as those in thie 
Great Bear. An imaginary line drawn through the centre of the 
square of the Great Bear, perpendicular to the sides, will point 
out the bright star marked fi in the square of the Little sear. 
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Thue coDfltenations w3l assist the stodeot in acquiring a knowl* 
edge of the sitoation of others. 

For instance, the tail o( Draco lies between the polar star and 
the square of the Great Bear, and the ^ure extends in a serpen- 
tine direction towards the left-hand to a considerable distanc^ 
where it is terminated by foar bright stars (jn the head) fomiing 
nearly a square. An imaginary line drawn through d and y in 
Ursa Major, southward, will pass throi^ the brightest star in 
Leo Minor, and thro^h Regulus in Leo Major. Regulus is 
easily distinguished, being the southermost of tour bright stars, 
resembling the letter Z inverted. 

By the foregoing description, with the assistance of a celestial 
globe, it is presumed the learner may acquire a knowledge of the 
principal constellations which appear in' the heavens in the win- 
ter. Those which present themselves in the summer are less 
conspicuous, but many of them may be distinguished by the fol- 
lowing description. 

If the student observe the heavens about ten o'clock in the 
evening, at the beginning of May, he will see the Great Bear near 
the zenith, above the pole. To the right-hand of the pointers 
in the Great Bear, and near the horizon, are Castor and Pollux, 
already described, and farther to the right-hand is Auriga. An 
imaginary line drawn through J" and 7, as noticed before, will pass 
through Leo Minor and through Regulus, and being continued in 
the same direction will pass through the heart of Hydra. To the 
right-hand of Cor Hydrae, near the horizon, a little more distant 
than Regulus, is Procyon in Canis Minor, and at about the same 
distance, on the left-hand, is Crater the Cup ; beyond which, in 
the same diriclion, is Corvus the Crow, being a kind of square 
formed by four principal stars. An imaginary line drawn through 
a in 7 in the Great Bear, as a diagonal to the square, will pass 
through Cor Caroli near Coma Berenices, and through Spica Vir- 
ginis. Spica Virginis, Arcturus in Bootes, and Deneb in the 
Lion's tail, form an equilateral triangle, in which Arcturus is the 
most elevated, and Deneb is situated towards the right-hand. A 
line connecting the first and third stars in the tail of the Great 
Bear will pass through Corona Borealis. This constellation is 
of an oval form, and is composed of eight stars, three of which 
are very bright, and appear close to each other. An imaginary 
line drawn from Arcturus through Corona Borealis, will pass 
through the body of Hercules, beyond which, in the same direc- 
tion, is the bright star Vega in Lyra. Below Corona Borealis is 
Serpens, the Serpent ; when these two constellations are on the 
meridian, which happens about three-quarters of an hour after 
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the culminating of a in Libra, Arcturus will be on the right-hand 
and Vega on the left. Vega in Lyra, Altair in the Eagle, and the 
head of the Dolphin, form an isosceles triangle, of which Vega 
is at the vertex. Altair is easily known, being the middlemost of 
the three bright stars situated near to each other in a straight line. 
The Dolphin lies to the left-hand of the Eagle, and is composed 
of about five stars, four of which appear close together. Above 
the Dolphin, and to the left hand of Vega, is Cygnus, a remarka- 
ble constellation in the milky way, in the form of a lai^e cross, 
below which is Pegasus already described. 

In comparing the convex surface of the celestial globe with 
the apparent concavity of the heavens, the student will observe 
that the figures of the constellations are reversed ; those which 
appear to the right-hand on the globe are to the left-hand in the 
heavens. The preceding account of their situations refers to the 
heavens. 



CHAPTER III. 

Of the Motion of ike Fixed Stars by the Precession of the Equu 
noxeSj by Aberration^ and by the Nutation of the EarlJCs Axis ^ 
their proper Motions^ Distance, variable Appearance, 4^. 

It has already been shown (Def. 64.) that the intersection of 
the ecliptic with the equinoctial, has a i-etrograde motion of about 
50^ seconds in a year, and that a revolution of the equinoctial 
points will be completed in about 25,791 years. Now, since the 
equinoctial changes its position with respect to the ecliptic, its 
axis will also be changeable, and its poles, in the course of 25,791 

i^ears, wilt describe a circular path in the heavens. Hence the 
onsitude, right ascension, and declination of every star will be 
vanable, and consequently the pole of the equinoctial cannot al- 
ways be directed to the same star. The star which at present 
is nearest to the north-pole of the equinoctial is Alruccabah, a star 
of the second magnitude in the tail of the Little Bear ; it is about 
a desree and three quarters from the pole. The nearest approach 
of this star to the pole will be when its longitude is 90° ; it will 
then be within half a degree of the pole, and this will happen in 







«3 be at lis 
6vB the pi!^ f:-^ ue eqasBOct^ 
of fertT.«f« <k0«s. In tK TCsr c^ At vorld ITOi, Ak 
I m Dncrx wv i&e poAu- stzr. beine at 
of a dE0ce <^ t^ pole cf the eqoBDCJCtBL TUi 
ies Uf war b^veen the maadis hskt ioi he tail of the Gnat 
Bear mad y m the m^mre ot the Lktle Bear. 

Tlie ofrnrotai of the fiied aan b occaaoned by the Telocil^ 
€f ieht. combined with that of the canh io i& offbk (w 1^ 
far whidi eadi star appaieiMR deciibes an elfipsii aboitt its ineaa 
place in a year : the looser axis of the elfipfiis is aboot 40^. Hie 
ymiaiiom aiiies finom the attiactioD of the moon upon the eqpnto- 
ral paits of the earth, by which the pole of the equinoctial de* 
scribes an elKpas about its mean place as a centre. This eHipsiB 
is oooqileted in a rerohition of the moon's nodes, that is, in 18 
Tears and 22B days : the greater axis being in the solstitial oo- 
mre and equal to 19"'.!, and the leas axis in the equinoctial cohue 
and equal to 14' .2.-*- 

Dr. 3Iaskefyne obsenres % that many, if not aD the fixed stan^ 
hare smaU motions among themselves, which are called their 
proper motions; the cause and laws of which are hid, for the 
present, in almost equal obscurity. By comparing his observa- 
tions with others, he found the annual proper motion of the fU- 
lowing stars, in right ascension, to be, of Sirius, — 0".63 ; of Cof- 
^^,— 0;;.28 ; of Frocycn,—Xy'm ; of Pollux,— O '.93 : of Regu- 
lu9^) .41 ; ofArcturus, — I'A ; of a AguilcB-h 0''.57 ; and Sirius 
increased in north Polar distance + r'.20 ; Arcturus +2 '.01. 

The magnitudes of the fixed stars will probably for ever remain 
unknown ; all that we can have any reason to expect, is a mere 
approximation founded on conjecture. From a comparison of 
the light afforded by a fixed star, and that of the sun, it has been 
concluded that the magnitudes of the stars do not differ materially 
from that of the sun. The different apparent magnitudes of the 



♦ 60i" : 1 year : : 90c-95o 46' 10" : 303 years, which, added to 1800, gives 

t Dr. Mackay on the Longitude, vol. i. third edition, page 11. 
J Explanation of the Tablea, vol. i. of his OhitrvtOiona, 
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itara 18 suppoeed to arise from their different distances, for the 
, young astronomer must not imagine that all the fixed stars are 
pboed in a concave hemisphere, as they appear in the heavens, 
or on a convex surface, as they are represented on a celestial 

From a series of accurate observations byDr. Bradley on y Dra* 
tmisj be inferred that its annual parallax did not amount to a single 
ncond ; that is, the diameter of the earth's annual orbit, which is 
not less than 190 millions of miles, would not form an angle at 
this star of one second in magnitude ; or, that it appeared in the 
ame point of the heavens during the earth's annual course round 
the sun. 

The same author calculates the distance of y Draconis from the 
earth to be 400,000 times that of the sun, or 38,000,000,000,000 
miles : and the distance of the nearest fixed star from the earth to 
be 40,000 times the diameter of the earth's orbit, or 7,600,000,- 
000,000 miles. These distances are so immensely great, that it 
is impossible for the fixed stars to shine by the light of the sun re- 
flected from their surfaces : they must therefore be of the same 
nature vnth the sun, and like him shine by their own light. 

The number of the fixed stars is almost infinite, though the 
number which may be seen by the naked eye in the whole heavens 
does not exceed, and perhaps falls short of 3000,* comprehending 
all the stars from the first to the sixth magnitude inclusive ; but a 
good telescope, directed almost indifferently to any point in the 
Aeavens, discovers multitudes of stars invisible to the naked eye, 
Tliat bright irregular zone, the milky way, has been very care- 
fully examined by Dr. Herschel ; who has, in the space of a quar- 
ter of an hour, seen 116,000t stars pass through the field of view 
of a telescope of only 15' aperture. 



* Bj adding up the numbers of stars in the first column of the British Catalogue 
giTen at pages 27, S8, and 29, the sum will be found to be 3457. See page 26. 

t Vvncea Astronomy, or Philosophical Transactions for 1785, vol. Ixxv. page 244. 
Dr. Herschel says, " m the most crowded part of the milky way I have had fields 
of view that contained no less than 588 stars, and these were continued for many 
minutes, so that in one quarter of an hour's time there passed no less than 116,000 
stars through the field of view of my telescope. — The breadth of my sweep was »>» 
26^, to which must be added 15^ for the two 43emi-diameters of the field. Then 
patting 161'=a, the number of fields in 15^ of time ; 7854=6, the proportion of a 
circle to 1, its circiunscribed square; ^=sine of 74* 22' the polar distance of the 
middle of the sweep reduced to the present time j and 588s=<, the number of stars 
in a field of view, we have a^ s 

= 116076 stars." 
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The fixed stars are the only marks by which astronomers 
enabled to judge of the course of the moveable ones, because thej 
do not vaiy their relative situations. Thus, in contemplating anj 
number of fixed stars, which to our view form a triangle, a four* 
sided figure, or any other, we shall find that they always retain 
the same relative situation, and that they have had the same situ- 
ation for some thousands of years, viz. from the earliest records ct 
authentic history. But as there are few general rules without 
some exceptions, so this general inference is likewise subject to 
restrictions. Several stars, whose situations were formerly marked 
with precision, are no longer to be found ; new ones have also 
been discovered, which were unknown to the ancients ; while 
numbers seem gradually to vanish, and others appear to have a 
periodical increase and decrease of niagnitude. Dr. Herschel, 
in the Philosophical Transactions for 1783, has given a large col- 
lection of stars which were formerly seen, but are now lost, to- 
gether with a catalogue of variable stars, and of new stars. 

The periodical variation of Algd or fi Persei, is about two days 
21 hours ; its greatest brightness is of the second magnitude, and 
least of the fourth. It varies from the second magnitude to the 
fourth in about 3| hours, and back again in the same time, retain- 
ing its greatest brightness for the remainder of its period. 

The fixed stars do not appear to be all regularly disseminated 
through the heavens, but the greater part of them are collected 
into clusters ; and it requires a large magnifying power, with a 
great quantity of light, to distinguish separately the stars which 
compose these clusters. With a small magnifying power, and a 
small quantity of light, they only appear as minute whitish spots, 
like small light clouds, and thence are called nehulce. Dr. Her- 
schel has given a catalogue of 2000 nebulce, which he has discov- 
ered, and is of opinion that the starry heavens are replete with 
these nebulce. The largest nebula is the milky way, already 
noticed at page 53. 

From an attentive examination of the stars with good tele- 
scopes, many which appear single to the naked eye, have been 



This calculation is founded upon a supposition that the stars were equally dis- 
seminated through the whole field of view of the telescope j and therefore can be 
considered only as an ingenious approximation to the trutn. 
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found to consist of two, three, or more stars. Dr. Herschel, by 
the beip of his improved telescopes, has discovered nearly 700 
such stars. Thus a Herculis, J lA/ra, a Gemmorum, v Andro- 
medm, j* Herculis, and many others, are double stars ; u hyrtB, is 
a triple star ; and < Lyrte, ^ Lyr<B, A Orvmis, and £ Libra, are 
quadruple stars.* 



CHAPTER IV. 

The Method of measuring the Altitudes, Zenith Distances, ^«. of 
the Heavenly Bodies, including a Description of the Astronom- 
ical Q,uodrata, Circular hatrument, and TransU Instrument. 



It is of importance to the young astronomer to know in what 
manner the utitudes of the heavenly bodies are determined ; for 
which reason the most simple instruments for that purpose are 
here described. This description, however, must be considered 
as contracted and imperfect, since the various adjustmeats of the 
instruments, and the manner of using them to advantage, can be 
acquired only by practice. 

The astronomical quadrant ~ 

is generally made of brass; 
the arc b b is divided into 
90 equal parts, called de- 
grees, and each degree is 
subdivided into smaller parts, 
according to the size of the _ 
instrument, t f is a tele-O 
scope moveable about a cen- 
tre, c. From the centre c 
ia suspended a weight f 
han^ng freely in the direc- 
tion of gravity, or perpendic- 
olarlj' to the earth's surface, 
the )me cf is called a plumb- 
line. 




■ TioM's AatnxKKDj, ctwp. n 
18 
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JioWf it the plane of the instrument, by proper adjustments, 
be niade to coincide with the plane of the meridian of any place, 
and the plumb-line cp at the same time be made to hang exactly 
orer the division marked 90 ; it is obvious, that if the telescope 
T f be directed towards the star s in the plane of the meridian, 
the number of degrees between h and t on the arc, will mark 
the starts altitude o s on the meridian, and the number of the de- 
grees between t and b will mark its zenith distance s z : for the 
imaginary quadrant o z of the meridian is supposed to be simi- 
larly divided to the instrumental quadrant n b, and to contain 90 
degrees between the horizon and the zenith. If the star be in the 
horizon at o, the telescope will coincide with n o or be parallel 
to it; if the star be in the zenith at z, the telescope will coincide 
with the plumb-line cp. In the figure annexed the telescope is 
directed towards a star having about 40 degrees of altitude. The 
quadrant may be placed in thi plane of any other vertical circle 
as well as in that which passes through the meridian, and then it 
will measure altitudes in that vertical circle. 

When the quadrant is fixed against a vertical wall in the plane 
of the meridian, it is called a mural quadrant. Such are the 
quadrants in the Royal Observatory at Greenwich. 

The astronomical instrument now generally used is an im- 
provement upon the quadrant here described ; and this improve- 
ment consists, chiefly, in putting together four quadrants, and 
thereby forming a circular instrument. 

The figure in Plate VI, is a representation of a small model of 
the large circles used in observatories.* The vertical circle a b 
is formed by four quadrants, and the telescope c d is not move- 
able on the arc of the instrument as before, but is attached to the 
circle, and moves only when the circle itself moves. When the 
telescope is placed horizontally, viz. in the direction a b, the divi- 
sions marked o will be at z and m. If the telescope be directed 
to any star, the arc of the circle from the telescope at c to m will 
show the zenith distance of the star, and the arc from m to the 
division marked o will show its altitude ; if the instrument be sit- 
uated in the plane of the meridian, it will show the altitude and 
polar distance of any star, or the star's declination ; for, having 
the latitude of a place given, and the meridian altitude of a star, 
the declination of that star is readily determined. 



* This figure is copied from a neWf portable, and useful instrument, made by 
Messrs. W. and S. Jones, of Holhom, who very kindly furnished the Author with 
t drawing of it, from which drawing the plate is engraven. 
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The vertical circle of the instrument here described is gradu- 
ated as in the figure ; at m is a Nonius scale, with a microscope, 
which reads off to one minute of a degree ; the slow motion of 
the circle, for accuracy of observation, is produced by turning 
the screw at g. 

The achromatic telescope c d is contrived by a reflecting eye- 
piece, to admit of observations conveniently to the zenith. The 
axis of the vertical circle reverses for the adjustment, and is made 
level by the small suspended spirit-level l. The wires of the 
telescope are illuminated at night by a small reflector placed in 
the inside of the axis, and the light is transmitted through the axis 
by means of a small lighted lamp occasionally attached to it. 

The base of the instrument, which supports the vertical circle, 
has a horizontal motion, the slow motion of which is produced by 
turning the screw at o. By the motion of the horizontal circle 
the azimuths of the celestial objects are obtained, and this circle 
is placed truly horizontally by means of the two spirit-levels s, s ; 
the screws at e, e, e, are for the purpose of fixing the base in its 
proper position. 

When the vertical circle is truly placed in the plane of the me« 
ridian,the vertical wires of the telescope will answer the purpose 
of a transit instrument. 

By the assistance of this instrument the altitude of the sun's 
centre may be observed from day to day, and this altitude will be 
found to vary continually by unequal differences : also the suc- 
cessive transits of the fixed stars over the meridian may be ascer- 
tained. 



CHAPTER V. 

Of the Solar System. {Plate II. Fig. L) 

The solar system is so called because the sun is supposed to 
be situated in a certain point termed the centre of the system, 
having all the planets revolving round him at different distances, 
and in different periods of time. This is likewise called tho Co- 
pemican system. 
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I. Of the Sun. 

The sun is situated near one of the foci of the orbits of all the 
danetSy and revolves on its axis in 25 days 14 hours 4 minutes. 
This revolution is determined from the motion of the spots oo 
its surface, which first make their appearance on the eastern ex- 
tremity, and then by degrees come forwards towards the middle, 
and so pass on till they reach the western edge, and then disap- 
pear. When they have been absent for nearly the same period 
of time which they were visible, they appear again as at first, fin- 
ishing their entire circuit in 27 days 12 hours 20 minutes.* 

Tne sun is likewise a^tated by a small motion round the cen- 
tre of gravity of the solar system, occasioned by the various at- 
tractions of the surrounding planets ; but, as this centre of gravity 
is generally within the body of the sun,t and can never be at the 
distance of more than the length of the solar diameter from the 
centre of that body, astronomers generally consider the sun as 
the centre of the system, round which all the planets revolve. As 
the sun revolves on its axis, his figure is supposed not to be strictly 
in the form of a globe, but a little flatted at the poles ; and 
that his axis makes an angle of about eight degrees,;]; with a per- 
pendicular to the plane of the earth's orbit. As the sun's appa- 
rent diameter is greater in December than in June, it follows that 
the sun is nearer to the earth in our winter than it is in summer ; 
for the apparent magnitude of a distant body diminishes as the 
distance increases. The mean apparent diameter of the sun is 
stated to be 32' 2" ; hence, taking the distance of the sun from 
the earth to be 95 millions of miles as before determined,§ its 



"* M. Cassini determined the time which the sun takes to reyolve on its axis thus : 
the time in which a spot returns to the same situation on the sun's disc (determined 
from a series of accurate observations) is 27d. 12h. 20m. : now the mean motion 
of the earth in that time is 27«> 7' 8": hence 360' X °7' 8''. : 27d. 12h. 20m. : : 
360<> : 25d. 14h. 4m., the time of rotation. 

t Sir. I. Newton's Princip. Book iii. Prop. 11. & 12. 

\ Walker's Familiar Philosophy, Lecture xi. page 516. 

§ The semi-diameter of the earth has been determined at page 76, in the note, 
to be 3982 miles ; and the distance of the earth from the sun is 23882.84 semi- 
diameters of the earth. See the note, page 80. Now the apparent semi-diame- 
ter mn of the sun {PUU IV. Fig, 3.) is measured by the angle mon =■ 32' 2" : 

180— 32^2" 

hence the angle omn=the angle onm«= =89^ 43' 59" ; and on ac- 

2 
count of the distance of the sun from the earth, om, oc, and on may be considered 
as equal. Hence, 
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real diameter will be 886149 miles ; and as the magnitudes of all 
spherical bodies are as the cubes^ of their diameters, the mag- 
nitude of the sun will be 1377613 times that of the earth ; the 
diameter of the earth being only 7920 miles, the diameter of the 
sun is above one hundred and eleven times the diameter of the 
earth. 

II. Op Mercury ^. 

Mercury is the least of all the planets, whose magnitudes are 
accurately known, and the nearest to the sun. The inclination 
of its axis to the plane of its orbit, and the time it takes to re- 
volve on its axis, are unknown ; consequently the vicissitudes of 
its seasons, and the length of its day and night, are likewise un- 
known. Mercury is seen through a telescope sometimes in the 
form of a half-moon, and sometimes a little more or less than half 
its disc is seen ; hence it is inferred, that he has the same phases 
as the moon, except that he never appears quite round, because 
his enlightened side is never turned directly towards us, unless 
when he is so near the sun as to become invisible, by reason of 
the splendour of the sutfs rays. — The enlightened side of this 
planet being always towards the sun, and his never appearing 
round, are evident proofs that he shines not by his own light ; for, 
if he did, he would constantly appear round. The best observa- 
tions of this planet are those made when he is seen on the sun's 
disc, called his transit ; for in his lower conjunction he sometimes 
passes before the sun, like a little spot, eclipsing a small part of 
the sun's body. The last transit of mercury was on the 22d of 
November, 1822; it was not visible at Greenwich. That node 
from which Mercury ascends northward above the ecliptic is in 
the fifteenth degree of Taurusf, and consequently the opposite or 
descending node is in the fifteenth degree of Scorpio. The sun 
is in the fifteenth degree of Taurus on the 6th of May, and in the 
fifteenth of Scorpio on the Jth of November ; and when Mer- 



-S9- 



Sine omn 89o 43' 59" 9.9999953 

Is to 23882.84 semi-diameters ; . . . . 4.3780860 

As sine m o n 32^ 2" 7.9693152 

Is to 222.5388 semi-diameters : . . . . 2.3474059 
Now, 222.5388 X 3982=886149.5016 miles, the diameter of the sun, the cuhe of 
which divided by the cube of 7964, the diameter of the earth, gives 1377613 times 
the sun is larger than the earth. 

* Euclid xii. and 18th. 

t The place of Mercury's ascendm^ node for 1750 was 15o 20^ 43'' in Taums, 
and its variation in one hundred years is l^' 12^ 10". — Vinct^s Jistnmomy, 
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cury comes to either of his nodes at his inferior conjunction (viiu 
when he is between the earth and the sun), he will pass over tim 
sun's disc, if it happen on or near the days above mentioned ; bql 
in all other parts of his orbit, he goes either above or below IImi 
sun, and consequently his conjunctions are invisible. v 

Mercury performs his periodical revolution round the sun itt' 
87 d. 23 (i. 15 min. 43 sec. ; his greatest elongation is 28^ 20v 
distance from the sun 36814721''^ miles ; the eccentricity of his 
orbit is estimated at one-lSfth of his mean distance from the sun ; 
his apparent diameter IT' ; hence his real diameter is 3108 



* According to Laplace, Mercury's sidereal period is 87.969358 days, and his 
mean distance from the sun is .^7098, assuming the earth's distance as a standard 
and equal to 1. 

The distance of Mercury, or any planet, from the sun, may be found by Kepler's 
ruU. Thus, the square of the time which the earth takes to revolve round the sun, 
is to the cube of the mean distance of the earth from the sun, as the square of the 
time which any other planet takes to revolve round the sun, is to the cube of Us 
mean distance ; the cube-root of which will give the distance sought. Or, whieh is 
shorter^ divide the square of the time iu which any planet revolves round the sun, 
by the square of the time in which the earth revolves round the sun, the cube-root 
oi the quotient will give the relative distance of the planet from the sun. This 
relative distance, multiplied by the mean distance of the earth from the sun, will 
give the mean distance of the planet from the sun. 

First for Mercury, The earth revolves round the sun in 365 d. 5 h. 48 min. 48 
sec.=31556928 sec. the square of which is 995839704797184, a constant divisor 
for all the planets, and 23882.84, the distance of the earth from the sun in semi- 
diameters (see page 80, note) will be a constant multiplier, .87 d. 23 h. 15 m. 43 
sec.=7600543 sec. the square of which is 57768253894849. This square divided 
by the former, gives .0580096 nearly, the cube-root of which is .38710991, the 
distance of Mercury from the sun, supposing the distance of the earth from the 
sun to be an unit, .38710991 X 23882.84=9245.2841 distance of Mercury from 
the sun in semi-diameters of the earth ; hence 9245.2841 X 3982, radius of the 
earth,=36814721 miles, the mean distance of Mercury from the sun. 

The distance of the inferior planets from the sun may be found by their elonga- 
tions. M. de la Lande has calculated that, when Mercury is in his aphelion, and 
the earth in its perigee, the greatest elongation of Mercury is 28° 20^ ; but when 
Mercury is in his perihelion, and the earth in its apogee, the greatest elongation is 
17° 36^; the medium, therefore, is 22® 58'. Hence, in the tnangle, sev. {Plate II. 
Fig 2.) the angle sev=22o 58\ the distance of the earth from the sun se=238S2.84 
semi-diameters, and eys is a right angle. 

Radius, sine of 90° 10.0000000 

Is to sE=23882.84 4.3780860 

As sine of 22' 58' 9.5912823 

Is to 9318.976 semi-diameters 3.9693683 

Hence 9318976 X 3982=37108162 miles, the distance of Mercury from the sun by 
this method ; but an error of a few seconds in the elongation will maJke a con- 
siderable difference. 
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miles \* and his magnitude about one-sixteenth of the magnitude 
of the earth. 

Mercury emits a bright white light ; he appears a little after 
sun-set, and again a little before run-rise ; but, on account of his 
nearness to the sun, and the smallness of his magnitude, he is sel- 
dom seen. The light and heat which this planet receives from 
the sun, is about seven times greater than the light and heat which 
the earth receives.f The orbit of Mercury makes an angle of 
seven degrees with the ecliptic, and he revolves round the sun 
at the rate of upwards of one hundred and nine thousand miles 
per hour. J The manner in which the earth revolves round the 
sun has already been explained at page 66, and as all the other 
planets move in a similar manner in elliptical orbits, having the 
sun in one of the foci, what has been observed respecting the 
earth will be equally applicable to all the planets. 



III. Op Venus $. 



Venus is the brightest, and, to all appearance, the largest of all the 
planets ; her light is distinguished from that of the other planets 



* The mean distance of the earth from the sun is 23882.84 semi- diam., and 
Mercury's distance 9245.2841 semi-diam. : the difTerence is 14637.5559 semi-diam.: 
the distance of Mercury from the earth ; and, as the magnitudes of all bodies vary 
iwoersely as their distances, we have by the rule-of-three inverse 14637.5559 : 
11" ; : 23882.84: 6.74179", the apparent diameter of Mercury, at a distance from 
the earth equal to that of the sun. Now the mean apparent diameter of the sun is 
32' 2"% and its real diameter 886149 mUes: hence 32' 2" : 886149 m. : : 6".74179: 
3108 miles of the diameter of Mercury : and, if the cube of the diameter of the earth 
be divided by the cube of the diameter of Mercury, the quotient will be 16.8 times 
the magnitude of the earth exceeds that of Mercury. 

The diameter of Mercury might have been found exactly in the same manner 
as the diameter of the sun was found in the note, page 140, using 11" instead of 
32^ 2", and 14637.5559 semi-diam. instead of 23882.84 semi-diam.: the result of the 
operation in this case will be .78061 semi-diam. of the earth: hence .78061 X 3982 
= 3108 miles the diameter of Mercury exactly as above. It has been remarked 
at page 80, that the apparent diameters of the planets are measured by a microme- 
ter, said to be invented by M. Azaut, a Frevuihman ; but it appears, from the Philo- 
sophical Transactions, that it was invented by Mr. GascoigrUf an EngUshman. 

t As the efiects of light and heat are reciprocally proportional to the sauares 
of the distances from the centre whence they are propagated, if you divide the 
square of the earth's distance from the sun, by the square of Mercury's distance 
from the sun, the quotient will show the comparative heat of Mercury to that of 
the earth. 

I This is found in the same manner as for the earth in pace 81. Thus, if yovL 
double the distance of any planet from the sun, then multiply by 356, and divide 



/ 
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by its brilliancy and whheness, which are so considerable that, 
in a dusky place, she causes an object to cast a sensible shadow. 
Venus, when viewed through a telescope, appears to have all the 
phases of the moon, from the crescent to the enlightened hemis- 
phere, though she is seldom seen perfectly round. Her illumin- 
ated part is constantly turned towards the sun ; hence, the con* 
vex part of her cresent is turned towards the east when she is a 
morning star, and towards the west when she is an evening star; 
for when Venus is west of the sun, as seen from the earth, that 
is, when her longitude is less than the sun's longitude, she rises 
before him in the morning, and is then called a morning star ; but 
when she is east of the sun, viz. when her longitude is greater 
than the sun's longitude, she shines in the evening after the sun 
sets, and is then called an evening star. 

Venus is a morning star, or appears west of the sun for about 
290 days, and she is an evening star, or appears east of the sun 
for nearly the same length of time, though she performs her whole 
revolution round the sun in ^£14: days 16 hours 49 minutes 10 
seconds. A very natural question here may be asked, viz. 
"Why Venus appears a longer time to the eastward or westward 
of the sun than the whole time of her entire revolution round him? 
This is easily answered, by considering that, while Venus is going 
round the sun, the earth is going round him the same way, though 
slower than Venus, and therefore the relative motion of Venus 
is slower than her absolute motion. 

Sometimes Venus is seen on the disc of the sun in the form of 
a dark round spot. These appearances happen but seldom, viz. 
they can happen only when Venus is between the earth and the 
sun, and when the earth is nearly in a line with one of the nodes 
of Venus.* The last transit of Venus was in 1769, and the two 
next transits, in succession, will fall on the 8th of December, 
1874, and on the 7th of June, 2004. The time which this planet 
takes to revolve on its axis, and the inclination of its axis to the 
plane of its orbit, have been given by different astronomers; 



the last product by 113, you obtain the circumference of the planet's orbit in miles. 
This circumference, divided by the number of hours in the planet's year, will give 
the number of miles per hour which that planet travels round the sun : a general 
rule for all the planets. Hence, 

The circumference of Mercury's orbit will be found to be 231313733.717 miles : 
then 87d. 23L 1^ 43" : 231313733.717 miles : : 1 h. : 109561 miles Mercury travels 
per hour. 

* The place of the ascending node of Venus for 1750 was l4o 26' 18" in Gemini, 
and its variation in 100 years is 51' 40", Vince^s Astrmomy. 
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but Dr. Herschel, from a long series of observations on this 
planet, published in the Philosophical Transactions for 1793, con- 
cludes, that the time of this planet's rotation on its axis is uncer- 
tain and that the position of its axis is equally uncertain ; that its 
atmosphere is very considerable ; that it has probably inequalities 
on its surface, yet he cannot discover any mountains. The ap- 
parent diameter of Venus is stated to be 58". 79; the eccentri- 
city of her orbit 473100 miles ;* her greatest elongation 47° 48'; 
her revolution round the sun is performed in 224 d. 16 h. 49 m. 
10 sec.,f as before stated ; and, if her apparent diameter be taken 
as above, her true diameter will be 7498 miles,;]; and her magni- 
tude something less than that of the earth ; likewise her distance 
from the sun will be found to be 68791752 miles. 

The light and heat which this planet receives from the sun, 
are about double to what the earth§ receives. The orbit of Ve- 
nus makes an angle of 3^ 23' 35'' with the ecliptic, and she re- 
volves round the sun at the rate of upwards of eighty thousand 



* For, according to M. de la Lande, if the mean distance of the earth be 100000, 
the eccentricity of Venus will be 49S ; hence, when the distance is 95 millions of 
miles, the eccentricity will be 473100 miles. 

t The seconds in this timesl9414150, the square of which is 376909220222500, 
this divided by 995839704797184 {stt the note, page 142.) gi?es .3784838, &c. the 
cube root of which is .723351 1 ; this, multiplied by 23882.84, produces 17275.678585 
semi-diam. which, multiplied by 3982=s68791752 miles, the distance of Venus from 
the sun. 

According to Laplace^ the sidereal revolution of Venus is 224.700824 days, and 
her mean distance from the sun is .723332. 

M. de la Lande has found the greatest elongations of Venus to be 47o 48^ and 
44" 57' when in similar situations to Mercury, mentioned in the note, page 143. ; 
the medium is 46' 22^ 30^% using this angle and the very same calculation as in the 
note page 143, the distance of Venus from the sun will be found =17288.09 semi- 
diameters of the earth; hence the distance will be had 1*68841 174 miles aston- 
ishingly near the distance found by Kepler's rule, considering the great difierence 
io the principles of calculation, and a strong proof of the truth of the Copemican 
system. 

1 Here, (as in the note, page 143,) 23882.84—17275.678585 = 6607.16145 semi- 
diam. distance of Venus from the earth; hence, inversely 6607.16145: 58" .79: 
: 23882.84: 16'' .26419, and 32' 2": 886149: : 16^.26419: 7498 miles, the diameter 
of Venus. Or, by trigonometry, using the angle 68".79, and distance 6607.16145, 
the result is 1.88314; X 3982 = 7498 mUes. 

§ These are found by dividing the square of the earth's distance from the sun by 
the square of the distance of Venus from the sun. 

The earth's distance from the sun is 95000000 miles, the square of which is 
9025000000000000, the distance of Venus from the sun is 68791752 miles, the 
•gnare of which is 4732305143829504; the former square divided by the latter 
gpmt IJWT for the quotient 
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miles per hour.* This planet, like Mercury, never departs from 
the sun ; she is only visible a few hours in the morning before the 
sun rises, or in the evening after he sets ; an evident proof that 
the orbits of these planets are contained within the orbit of the 
earth, otherwise they would be seen in opposition to the sun, or 
above the horizon at midnight. 

rV. Op the Earth 0, and i(s Satellite the MooNf). 

The figure and magnitude of the earth have been already ex- 
plained in Chapter III. Part 1. ; and its diurnal and annual rev* 
olution round the sun, distance from the sun, seasons of the year, 
&c. have been shown in Chapter lY. ; as it would appear super- 
fluous to repeat those particulars here, this chapter is con&ied 
entirely to the moon. 

The moon being the nearest celestial body to the earth, and, 
next to the sun, the most resplendent in appearance, has excited 
the attention of astronomers in all ages. The Hebrews, the 
Greeks, the Romans, and, in general, all the ancients, used to as- 
semble at the time of new, or full moon, to discharge the duties 
of piety and gratitude for its manifold uses. The day being meas- 
ured by observing the time which the sun took m apparently 
moving from any meridian to the same again, so the month was 
measured by the number of days elapsed from new moon to new 
moon ; this month was supposed to be completed in thirty days ;f 
and wheo-the motion of the moon came to be compared with, 
and adjusted to, the apparent motion of the sun, twelve of these 
months were thought to correspond exactly with the sun's annual 
course. The lunar month is of two sorts, periodical and synod- 
ical. A periodical month is the time in which the moon finishes 
her course round the earth, and consists of 27 days 7 hours 43 



* By the process mentioned in the note, page 143., the circumference of the 
orbit of Venus will be found to be 432231362.123 miles; then, as 224 d. 16 h. 
49 m. 10 sec. : 432231362.123 miles : : 1 h. : 80149 miles Venus travels per hour. 

f The Rev. M. Costard, in his History of* Astronomy, supposes that the oldest 
measure of time (taken from the revolutions of the heavenly bodies) was a month ; 
and, afler the length of the year was discovered, the ecliptic, and all other circles, 
were divided into 360 equal parts, called degrees, because 30 d. X ^2= 360 days, 
the length of the year. — Hist, of Mr. p. 44. In an account of the Pelew Islands, 
we are told that the inhabitants reckoned their time by months, and not by years : 
for, when the king entrusted his son to the care of Captain Wilson, he inqured 
how many mwms would elapse before he might expect the return of his son. The 
inhabitants of these islands were totally ignorant of the arts and sciences. 
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minutes 5 seconds ;* and a synodical month is the time elapsed 
from new moon to new moon, and consists of 29 days 12 hours 44 
minutes 3 seconds. The synodical month was probably the only 
one observed in the infancy of astronomy. 

The orbit of the moon is nearly elliptical, having the earth in 
one of its foci ; but the eccentricity of this ellipsis is variable, 
being the greatest when the line of the apsides is in the syzygies, 
for then the transverse axis of the moon's orbit is lengthened ; 
and the least when the transverse axis is in the quadratures, for 
then the conjugate axis is lengthened, and consequently the orbit 
approaches nearer to a circle. The moon in her revolution 
round the earth would always describe the same ellipsis, were 
that revolution undisturbed by the action of the sun ; the princi- 
pal axis of her orbit would remain at rest, and be always of the 
same quantity ; her periodic times would all be equal, and the 
inclination of her orbit to the ecliptic and the place of her nodes 
would be invariable ; but her motions being disturbed by the ac- 
tion of the sun, they become subject to so many irregularities, 
that to calculate the moon's place truly, and to establish the ele- 
ments of her theory, are almost insuperable difficulties. 

The orbit of the moon is inclined to the ecliptic in an angle, 
which is variable from 5^ to 5^ 18', consequently it is inclined in 
an angle of 5° 9' at a medium. The motion of the moon's nodes, 
or places where her orbit crosses the orbit of the earth, is west- 
ward, or contrary to the order of the signs : this motion is like- 
wise variable, but by comparing together a great number of dis- 
tant observations, the mean annual retrograde motion is found to 
be about 19° 19^ 44", so that the nodes make a complete retro- 
grade revolution from any point of the ecliptic to the same again 
in about 18 years 228 days 9 hours. The axis of the moon is 
almost perpendicular to the plane of the ecliptic, the angle being 
88° 17', consequently she has little or no diversity of seasons. 
The moon turns round her axis, from the sun to the sun again, 
in 29 days 12 hours 44 minutes 3 seconds, which is exactly the 
time that she takes to go round her orbit from new moon to new 
moon, she therefore has constantly the same side turned towards 
the earth. This, however, is subject to a small variation, called 
the librationf of the moon, so that she sometimes turns a little 



'*' Periodical revolution 27.3215S2 days, synodical 29.530588. M, Laplace, 

t A lunar globe was published a few years ago by Mr. Russel, which shows not 
only the libration of the moon in the most perfect manner, but is a complete picture 
of the mountains, pits, and shades, on her surface. 
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more of the one side of her face towards the earth, and some- 
times a little more of the other, arising from her uniform motion 
on her axis and unequal motion in her orbit : this is called h^ 
libration in longitude. The moon likewise appears to have a 
kind of vacillating motion, which presents to our view sometimes 
more and sometimes less of the spots on her surface towards each 
pQle ; this arises from the axis of the moon making an angle of 
about 1^ 43' with a perpendicular to the plane of the ecliptic; 
and as this axis maintains its parallelism during the moon's revo- 
lution round the earth, it must necessarily change its situation to 
an observer on the earth ; this is called the moon's libration in 
latitude. — V" 

While the moon revolves round the earth in an elliptical or- ^ 
bit, she likewise accompanies the earth in its elliptical orbit round 
the sun ; by this compound motion her path is every where con- 
cave towards the sun.* 

The moon, like the planets, is an opaque body, and shines en- 
tirely by the light received from the sun, a portion of which is 
reflected to the earth. As the sun can only enlighten one-half of 
a spherical surface at once, it follows that according to the situa- 
tion of an observer, with respect to the illuminated part of the 
moon, he will see more or less of the light reflected from her sur- 
face. At the conjunction, or time of new moon, the moon is be- 
tween the earth and the sun, and consequently that side of the 
moon which is never seen from the earth is enlightened by the 
sun ; and that side which is constantly turned towards the earth 
is wholly in darkness.f Now, as the mean motion of the moon 
in her orbit exceeds the apparent motion of the sun by about 12*^ 
ir in a day, J it follows that, about four days after the new moon, 
she will be seen in the evening a little to the east of the sun, af- 
ter he has descended below the western part of the horizon. A 
spectator will see the convex part of the moon towards the west, 
and the horns or cusps towards the east : or if the observer live in 
north latitude, as he looks at the moon the horns will appear to 
the left hand ; for if the line joining the cusps of the moon be 
bisected by a perpendicular passing through the enlightened part 



* See M. Maclaurin's account of Sir Isaac Newton's discoveries, book iv. chap. 5 ; 
Rowe's Fluxions, second edition, page 225. ; Ferguson's Astronomy, octavo edi- 
tion, article 226.; or, a Treatise on Astronomy, by Dr. Olinthus Gregory, article 458. 

t Except the light which is reflected upon it from the earth, which we cannot 
perceive, 
t See the note, page 91. 
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of the mooo, that perpendicular will point directly to the 8uo«' 
As the moon continues her motion eastward, a greater portion 
of her surface towards the earth becomes enlightened ; and when 
ahe 18 90 degrees eastward of the sun, which will happen about 
7^ dajrs from the time of new moon, she will come to the me-i 
ridian about six o'clock in the evening, having the appearance of 
a bright semi-circle ; advancing still to the eastward, she becomes 
more enlightened towards the earth, and at the end of about 14} 
days, she will come the meridian at midnight, being diametrically 
opposite to the sun ; and consequently she appears a complete cir- 
cle, or it is said to he fail moon. The earth is now between the 
sua and the moon, and that half of her surface which is constantly 
turned towards the earth is wholly illuminated by the direct rays 
of the sun ; whilst that half of her surface, which is never seen 
from the earth is involved in darkness. The moon continuing 
her progress eastward, she becomes deficient on her western 
edge, and about 7j days from the full moon she is again within 
90 degrees of the sun, and appears a semi-circle with the convex 
side turned towards the sun : moving on still eastward, the de- 
ficiency on her western ed^e becomes greater, and she appears a 
crescent, with the convex side turned towards the east, and her 
cusps or horns turned towards the west : and about 14| days 
fixMn the full moon she has again overtaken the sun, this period 
being performed in 29 days 12 hours 44 minutes 3 seconds, as 
has been observed before. Hence, from the new moon to the 
full moon, the phases are homed, half 'moon, and gibbous ; and as 
the convex or well-defined side of the moon is always turned to- 
wards the sun, the horns or irregular side will appear to the east, 
or towards the left hand of a spectator in north latitude. From 
the full moon to the change, the phases are gibbous, half-moon, 
and homed; the convex or well-defined side of her face will ap- 
pear to the east, and her horns or irregular side towards the west, 
or to the right hand of a spectator. 

As the full moons always happen when the moon is directly 
opposite to the sun, all the full moons, in our vvinter, happen 
-when the moon is on the north side of the equinoctial. The 
moon, while she passes from Aries to Libra, will be visible at 
the north pole, and invisible during her progress from Libra to 
Aries; consequently, at the north pole, there is a fortnight's 
moonlight and a fortnight's darkness by turns. The same phenom- 
ena will happen at the south pole during the sun's absence in our 
summer. If the earth, the moon, and the sun were all in the same 
plane, there would be an eclipse of the sun at every new moon, 
(for then the moon is between the earth and the sun,) and there 
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would be an eclipse of tlie moon at every full moon, at wluch 
time the earth is butwccn the sun and the moon. But as the or- 
bit of the moon crosses the orbit of the earth or the ecliptic in 
two opposite points called the nodes, il is evident that the moon 
18 never in the ecliptic eicept when she is in one of these nodes ; 
an eclipse, therefore, can never happen unless the moon be in or 
near one of these nodes ; at all other times she is either above or 
below the orbit of the earth ; and though the moon crosses each 
of these nodes every month, yet if there should not be a new or 
full moon, at or near that time, there will be no eclipse. (See 
more of this subject in a succeeding c/mpter.) The influence of 
the moon upon the waters of the ocean has already been explain- 
ed ; and the nature of the harvest-moon will be shown amongst 
the problems on the globes. 

The moon's greatest horizontal parallax is 61' 32", the least 
54' 4", consequently the mean horizontal parallax is 57' 48"'; 
and her mean distance from the earth ^6847 miles. -{- The ap- 
parent diameter of the moon is variable according to her distance 
from the earth ; her mean apparent diameter ia stated to be 31' 
7"J J hence her real diameter is 3144 raites§, and her magnitude 
about -J^ of the magnitude of the earth. The moon performs her 
revolutions round the earth in 27 days 7 hours 43 minuts 5 sec- 
onds, and has been observed before, consequently she travels at the 



• Dr. Hulton'8 Mstbeinalical Diet word Parallax. 
t As in the note, page 80. 

Sine ofanple Pso 57' 48" - - - - 8.S3S6335 
l9 io semi- diameter of the earth fo • 0.0000000 
As lo radius, sine of 90 =9ine OFa - 10 OOOOOOO 
Is to 09.4793S semi-diamelets, - - 1.7743665 ' 
Hence 59.47938 X 3832=336846.89 miles, distance of the diood fnini the eufll. 
1 Fmce'i Aslronom;. tfMHUoute'i Astronomy, page 314. 

S Aa in the preeeding notes say, inversely, 59.47938 aenii-diam. : 31' 7" : : 
33382.34 aein. ; 4".6497, the apparenl diameter of the moon at a distaoce ftcHD 
tbe enrtb eoual to that of the eun ; hence W S" : 888149': 4".6497 : SI43.8 
miles tbe diameter of the moon. Or, by trigonometry, tbe angle MS*, (Hri> 
IV. Flg.3.)=3l' 7", hence 
ISO— 31' 7" 

omn= =89' SS" 44" 26i'''. 

S 
Kneor89= 59'44",&c. = <aine of 90 nearly - - - -10.0000000 

1b to 59. 4793S semi-diameters 1.7743606 

Aa Bine 31' 7" 7.9567310 

Isto.53339Bemi-diametersortbeearth 1.7310975 

And to .53339 X 39S2=2143.S6, &c- miles the diameter of the moon : S«e lb* 
notes, page 143. If the cube of the earth's diameter be divided by tbe cube of the 
moon's diameter, the quotient will be 51.3 ; hence the magnitude of the ekrih is 
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rate of 2270* miles per hour round the earth, besides attending 
the earth in its annual journey round the sun. 

The surface of the moon is greatly diversified with inequalities, 
which through a telescope have the appearance of hills and val« 
lies. Astronomers have drawn the face of the moon as viewed 
through a telescope, distinguishin^the dark and shining parts by 
their proper shades and figures. Each of the spots on the moon 
has been marked by a numerical figure, serving as a reference to 
the proper name of the particlar spot which it represents ; as, ^ 
Herschel's volcano; 1, Grimaldi; 2, Galileo, &c. ; so that the 
several spots are named from the most noted astronomers, philos- 
ophers, and mathematicians. The best and most complete pic** 
ture of the moon is that drawn on Mr. Russel's lunar globe. 

Dr. Herschel informs us that, on the 19th of Apnl, 1787, he 
discovered three volcanoes in the dark part of the moon ; two of 
them appeared nearly extinct, the third exhibited an actual erup- 
tion of fire, or luminous matter. On the subsequent night it ap- 
peared to bum with greater violence, and might be computed to 
be about three miles in diameter. The eruption resembled a 
piece of burning charcoal, covered with a thin coat of white ashes ; 
all the adjacent parts of the volcanic mountain were faintly illu- 
minated by the eruption, and were gradually more obscure at a 
greater distance from the crater. That the surface of the moon 
IS indented with mountains and caverns, is evident from the ir- 
regularity of that part of her surface which is turned from the 
sun : for, if there were no parts of the moon higher than the rest, 
the light and dark spots of her disc at the time of the quadratures 
would be terminated by a perfectly straight line ; and at all other 
times the termination would be an elliptical line, convex towards 
the enlightened part of the nioon in the first and fourth quarters, 
and concave in the second and third : but instead of these lines 
being regular and well defined when the moon is viewed through 
a telescope, they appear notched and broken in innumerable pla- 
ces. It is rather singular that the edge of the moon, which is al- 
ways turned towards the sun, is regular and well defined, and at 
the time of fiiU moon no notches or indented parts are seen on 
her surface. In all situations of the moon, the elevated parts are 
constantly found to cast a triangular shadow with its vertex turned 



♦ For, by the note, page 143, 113 : 365 : : 236946,9 X « : 1488153.09 Rule0 
cumference of the moon's orbit ; then 27 d. 7h. 43 m. 5 toc. : 1488163.0f in. : : 1 b. 
: 2269.5 miles. 




■ *tf Ae imrid sorface, some mmote 
" jjilened by the sun's rays : 
i to be the summits of high moun- 
i br Ae sob, while the adjacent val- 
d part of tke moon are entirely dark. 
I umo^pberc or not, is a queetioD 
^•iBai; been controrerl^ by various astronomers: some 
PMHT Id fmwe, ibit the moon has neither an atmosphere, 
tmr lifc n II . wtide otben contend lltat she has all these in 
IBB wlk oar earth, though ber alntosphere is not so dense 
Elk k cannot be expected in an introduciory treatise, where 
«( wctwtil tfnlhs only ought to Ite admitted, (hat we should 
-iatotbe discussion of a controverted question : however, 
jr ha proper to inform the student, th::t the advocates for an 
ipbeie, if we may be allowed to reason from analogy, liave 



• SuppoMnglhis lo be the Tort, Balronoinora hate dclcTmined llip htieht ofBDine 
of die lunar raountaina. The method made use of by Biccioh (llio.igh ii gives Ihe 
tme nuult oqIt at tbe time of llie qadntures) is here explained, because it is much 
■ore aimple tban the general method gWen by Dr. Herschel in the Philosophical 
Tkmmactions Air l7Sa L.et adb (PUii IV. Fig. T.}be thedisc or Tace of the moon 
«*lte time of lbs quadra lures, icb the boundary ofiight and darkness; Moamoun- 
taiai •■ 1h» dark part, lbs summit n of which is just beginning Co be enlighlened, by ^ 
any of ligfat Sim from the sun. Now, by means of a micrometer, the ratio of Ma 
!•«■ na; be determined; a nd as tc is the hairofAS, and utcanght angled trian- 
gkhjEudid land 47lhv''^c>-t-iH>=cH, from which lake co^ac, and the re- 
■MImIw 110,18 theheight of tbe mountain. Riccioli observed the illuminated part 
of thamonatua St. Catbeiine, on the fourth da^ after tbe new mooo, to be diaUnt 
fiom Um iUuminated part of ihe moon aboul l-siiteenth part of the moon's diame- 
lar, *t«. >a — I-siiteanthuf iB,or= 1-eighth of ic; now, if we take tbe moon's di- 
•iaetertl44a>ileB,aswebaTa before determined, (he heicht of this mountain wiU 
ba S ^ miles ! Gatleo makes hi ~ l-SOIh of aa ; and HeTelius makes ba = I- 
■KtbM Aij tba Ibnnei oflben will gne the height of the mountain 5 s miles, and 
tba lattei 3^ miles. Dt. Uencbel thinks, " that tbe highta of the lunar moun- 
tain* an in ^enenl greatly orei^raled, and Ihat lbs generality of Ihen^do not ex- 
ceed b^amUe in their perpendkutareleTation." On the contrary, M. Scbroeter, 
s of Liiienthal, in the duchy of Bremen, says, that there ere 
QOn much higher tban any on Ihe earth, arid mentions one above 
a higher than Chimboraco in South America. The same author 
baa lat^y publiafaed a new work on the heights of the mountains of Venus, some of 
whrch be makaa upward* of twenty-tbree ibousand toiaea in height, which is above 
p»**n tiaMa tbe bMfbi oTCIumboiaco ! 



a leanied altninoa 
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the advantage over those who contend that there is none. It is 
admitted on all hands, that the moon has mountains and valleys, 
like the earth, and appears nearly the same with respect to shape 
and the nature of her motions. May we not then fairly infer 
that she is similar to the earth in other respects ? /_.- 

V. Op Mars $. 

Mars appears of a dusky red colour, and though he is some- 
times apparently as large as Venus, he never shines with so bril- 
liant a light. From the dulness and ruddy appearance of this 
planet, it is conjectured that he is encompassed with a thick cloudy 
atmosphere, through which the red rays of light penetrate more 
easily than the other rays. This being the first planet without 
the orbit of the earth, he exhibits to the spectator different ap- 
pearances to Mercury and Venus. He is sometimes in conjunc- 
tion with the sun, like Mercury and Venus, but was never known 
to transit the sun's disc. Sometimes he is directly opposite to 
the sun, that is, he comes to the meredian at midnight, or rises 
when the sun sets, and sets when the sun rises ; at this time he 
shines with the greatest lustre, being nearest to the earth. Mars, 
when viewed through a telescope, appears sometimes full and 
round, at others gibbous, but never horned. The foregoing ap- 
pearances clearly show, that Mars moves in an orbit more distant 
fix>m the sun than that of the earth. The apparent motion of 
this planet, like that of Mercury and Venus, is sometimes direct, 
or from east to west ; at others retrograde, or from west to east ; 
and sometimes he appears stationary. Sometimes he rises before 
the sun, and is seen in the morning ; at others he sets afler the 
sun, and of course is seen in the evening. Mars revolves on its 
axis in 24 hours 39 minutes 22 seconds ; and its polar diameter 
is to its equatorial diameter as 15 to 16, according to Dr. Her- 
schel ; but Dr. Maskelyne, who carefully observed this planet at 
the time of opposition, could perceive no difference between its 
axes. The inclination of the orbit of Mars to the plane of the 
ecliptic is P 51' ; the place of his ascending node about 18** in 
Taurus,*" his horizontal parallax is said to be 23''.6 ; he performs 
his revolKtion round the sun in 1 year 321 days 23 hours 15 min- 
utes 44 seconds ; and his apparent semi-diameter, at his nearest 



« >■ 



* The longitade of the ascending node of Mare for the beginning of the year 
1750 was 17- 38^ 38" in Taurus, and its variation in 100 years » 46' 40" — Vintet 

20 
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distance from the earth, is 25" ; consequently his mean distance 
from the sun ia 144907630* miles; his diameter 4318 miles; 
and his magnitude a little more than 4th of that of the earth.f 
This planet travels roimd the aim at ihe rate of 55323 milea per 
hoarj ; and the parallax of the earth's annual orbit, as seen from 
Mars, is about 41 degrees. As the distances of the interior 
planets from the sun are found by their elongations, so the dis- 
tances of the exterior planets may be found by the parallax of 
the earth's annual orbit.§ 

VI. Of Vesta g. 

This planet was discovered by Dr. Olbers, of Bremen, on tho 

*For, 68S dnys S3 bours lA min. 44 sec.=59354l44 seconds, (he square of 
which ia 3522914409973736, thia divided bj 805839704797184 the seconda in « 
jrear (aeo the note, page 142), givea 3.537639, tlie cabo-root of wbicb is 1.523716, 
the TiUivt distEMce of Mora trom the sun. Ilonce 1.523T186 X 23382.84 = 
36390.6654 ilialancs of Mars Troin Ibe tna ia seini-diamcterB of tlw earth, sod 
36390,6654 X 3988=1*4907629.6 miles, the mean distance of Mara from the aan. 
Now, if the hOFizontsl parallax uf Mara at the lime of oppoaition be 33" .6, as 
aUted by M. de la Caille, we have [set Plait IV. Fig. 6, ) 

Sine pan— siEB 23" .6 6.05S3927 

Is to P0=1 semi-dinmetcr O.OOOflOOO 

As radius sine of 90 .lO.OOUOOOO 

Ib to Bo=S741.93 semi-diameter .... 3.9416073 
Hence the distance of Mars from the eartb at the time of opposition is 8741.93 of 
the earth's semi-diametera; 8741.93: 25":: 23832.84: 9". 15 the apparent diam- 
Bter of Mars if seen from the eartli at a distanco equal to that of the sun; then 
Sa".*": 866149: : B".15: 42t3 miles the divnetec of Mars. 

t The cube of 7964, the diameter of the earth, ia 505119057344 ; and the cube 
of 4218, the diameter of Mars, is 75G4464BS32 ; the quofient produced hj dividing 
the former bj the latter, ia 6.T3. viz. the magnitude of the eartb is neatly seven 
tiBies that of lUara. 

^For, 113: 355: ; 144907639 X S: 910481569 miles the circumference of fbs 
orbit of Mars, and 686 dajs 23 b. 15 min. 44 sec : 910481569 m. : : 1 h. : 55223 

§ Jn Pkl« rV. Fig. 3. let g represent the aun, E (he earth, and u Mars ; now, aa 
the earth moTes quiclier in its orbit Chan Mars, the planet Mara will appear to go 
backward when the earth paaaes it. Thus, when the earth is at i, Mars will 
appear among the fixed atars at m; but aa the caitb paases from E to 1, Mara will 
appear to go from m to n, though he ia in realit; travelling iho same way aa the 
e»Tth from u to o. The place m, where Marw ia seen from the earth among the 
fixed stars, ia called hia Geocbntiuc place, hut the place r, where lit would he 
Been from the sun, ia called tiis HeLiocektric place, and the arc m r, which ia the 
difference betweca hia apparent and (rue place, is called the Fihillax or thb 
E*BTB'9 ANNDiL Orbit. Now, bs (hiB angle maj be deturmincd from obaerva- 
tion, and ia known to be about 41" ; in (be right-angled triangle siM, we have 
hare given ac— 23882.84 semi-diamelers, the diatance of the earth from the sun, 
the angle auB measured bj the arc m r=41°, (o find 3U=^36403.49 aemi-diameten 
of tbe earth, the distance of Mara from the sun. According to JU. Lajdaci, Ibe 
sidereal ' " " ' " ' ■—■•■— " . . . . 
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39th of March. 1807; its distance from thasun is 225435000* 
miles, and the length of its year, 3 years 240 days 5 hours. 
Vesta appears like a star, of the fifth magnitude. 

VII. Op Juno §. 

Juno was discovered by Mr. Harding, of Lilienthal, in the 
duchy of Bremen, on the first of September, 1804 It appears 
like a star of the eighth magnitude ; its distance from the sun is 
253380485 miles, and its periodical revolution is performed in 
4 years and 131 days. 

VIII. Of Ceres ?. 

Ceres was discovered by M, Piazzi, astronomer royal, at Pa- 
lermo, in the island of Sicily, on the first of January, 1801. The 
length of its year is four years 221 days 13 hours ; its distance 
from the sun is 262903570 miles, and its diameter, according to 
Dr. Herschel, is about 172 miles. Ceres appears like a star of 
the eighth magnitude. 

IX. Of Pallas 9 . 

Pallas was discovered by Dr. Olbers, on the 28th of March, 
1802. The length of its year is 4 years 221 days 17 hours; and 
its distance from the sun 262921240 miles. Pallas appears like 
a star of the seventh magnitude, and its diameter is stated to be 
about 110 miles. 

X. Of Jupiter 2^, and his Satellites. 

Jupiter is the largest of all the planets, and notwithstanding 
his great distance from the sun and the earth, he appears to the 
naked eye almost as large as Venus, though his light is something 
less brilliant. Jupiter, when in opposition to the sun, (that is, 
when he comes to the meridian at midnight, or rises when the 
8Un sets, and sets when the sun rises,) is much nearer to the earth 
than he is a little before and after his conjunction with the sun ; 



♦ Mean disUnce 2.373. The mean distance of Juno is 2.667173, of Ceret 
t.767406, of PttUas 8.767592 according to Laplace, and the periods which are gareM. 
from the same author, are mdereal periods. 
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hence, at the time of opposition, he appears larger and more lu- 
minous than at other times. When the longitude of Jupiter is 
less than that of the sun, he will be a morning star, and appear 
in the east before the sun rises ; but, when his longitude is greater 
than the sun's longitude, he will be an evening star, and appear 
in the west after the sun sets. Jupiter revolves on his axis in 9 
hours 56 minutes, which is the length of his day ; but as his axis 
is nearly perpendicular to the plane of his orbit, he has no diver- 
sity of seasons. Jupiter is surrounded by faint substances called 
zones or belts ; which, from their frequent change in number and 
situation, are generally supposed to consist of clouds. One or 
more dark spots frequently appear between the belts ; and when 
a belt disappears, the contiguous spots disappear likewise. The 
time of the rotation of the different spots is variable, being less 
by six minutes near the equator than near the poles. Dr. Her- 
schel has determined, that not only the times of rotation of the 
different spots vary, but that the time of rotation of the same spot 

(between the 25th of February 1773 and the 12th of April) varied 
rom 9 hours 55 minutes 20 seconds, to 9 hours 51 minutes 35 
seconds. 

The inclination of the orbit of Jupiter to the plane of the eclip- 
tic is 1° 18 56 ' ; the place of his ascending node about 8 degrees 
in Cancer* ; and he performs his revolution round the sun in 1 1 
years 315 days 14 h. 27 m. 11 sec. moving at the rate of 29894 
miles per hour, his mean distance from the sun being 494499108 
miles. t Jupiter, at hig mean distance from the earth, at the time 
of opposition, subtends an angle of 46 ', hence his real diameter 
is 89069 milesj and his magnitude 1400 times that of the earlh.§ 



♦ The place of Jupiter's ascending node for the beginning of the year 1750 was 
7«> 55' 32 ' in Cancer, and its variation in 100 years is 59' 30". Vince's Astronomy, 

t For, 4330 days 14 h. 27 rain. 11 8ec.= 374 164031 seconds, the square of which 
is 13999S72209416S961 ; this divided by 995S39704797184, the square of the seconds 
in a year, (see the note, page 142,) gives 140.5835913, the cube root of \<>hich is 
5.1997, the relative distance of Jupiter from the sun. Hence 23882.84 X 5.1997 
=s 124183.603148 distance of Jupiter from the sun in semi-diameters of the earth • 
and 124183 603148 X 3982=494499107 7 miles, the mean distance of Jupiter from 
the sun. According to Laplace the sidereal period of Jupiter is 4332.596308 days 
and his mean distance from the sun 5.202791. ' 

Now, (by the note, page 143,) 113: 355 : : 494499107.7 X 2 : 3107029791 miles, 
the circumference of the orbit of Jubiler, and 4330 d. 14 h. 27 min. 11 seconds 
: 3107029791 : : 1 h. : 29894 miles ' 

X 494499108—95101468 miles the distance of the earth from the sun, = 399397 
640 distance of the earth from Jupiter. Now, by the rule of three inversely 
399397640 : 46" : : 95101468 : 193'M862, the apparent diameter of Jupiter at a dis- 
tance from the earth equal to that of the sun. Hence, (as in the note, pace 143 ) 
32^ 8" : 886149: : 193'M862 : 89069.5 miles, the diameter of Jupiter. 

§ For, if the cube of the diameter of Jupiter be divided by the cube of the diame- 
ter of the earth, the quotient will be 1398.9 == 1400 nearly. 
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The light and heat which Jupiter receives from the sun is about 
^ of me light and heat which the earth receives.* 

On account of the great magnitude of Jupiter, and his quick 
revolution on his axis, he is considerably more flatted at the poles 
than the earth is. The ratio between his polar and equatorial 
diameters, has been differently stated by different astronomers : 
Dr. Pound makes it as 12 to 13 ; Mr. Short, as 13 to 14 ; Dr. 
Bradley, as 12^ to 13^ ; and Sir Isaac Newton (by theory) 9^ to 
lOf 

Of the Satellites of Jupiter. 

Jupiter is attended by four satellites or moons, each of which 
revolves round him in a manner similar to that of the moon round 
the earth. The times of their periodical revolutions round Ju- 
piter, and their respective distances, from his centre, are given 
in the following table if 



Satellites. 


Periodical revolution. 


Distance from Ju- 
piter in semi-diam- 
eters. 


Distance from. 
Jupiter in Eng- 
lish miles. 


I. 


d. h. m. sec. 
1. 18.27.33 


5.67 


252510 


II. 


3. 13. 13.42 


9.00 


400810 


III. 


7 . 3 . 42 . 33 


14.38 


640406 


' IV. 


16.16.32. 8 


25.30 


1126723 



The satellites of Jupiter are invisible to the naked eye ; they 
were first discovered by Galileo, the inventor of telescopes, in the 
year 1610. This was an important discovery ; for, as these sat* 
ellites revolve round Jupiter in the same direction which Jupi- 
ter revolves round the sun, they are frequently eclipsed by his 
shadow, and afford an excellent method of finding the true lon< 



* If the square of the mean distance of Jupiter from the sun he divided hy the 
square of the mean distance of the earth from the sun, the quotient will be 27. 

t The second and third columns in the above table are copied from Jd.dela 
Lmdt, and the fourth is found by multiplying the numbers in tne third column by 
44.534.5, being the half of 89069, the diameter of Jupiter. The distances of the 
satellites from the centre of Jupiter may be found at tne time of their greatest elon- 
gations, by measuring their distances from the centre of Jupiter, and uso the diam- 
eter of Jupiter with a micrometer. Then say, as the apparent diameter of Jupiter 
(by the micrometer) is to his real diameter, so is the apparent distance of the sat- 
ellite to its real distance. Or, having determined the periodical times of the satel- 
lites, and the distance of one of them from the sun, the distances of all the rest may 
be found by Kepler's rule, as in page 142. 
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4. 


l.«2.» 3 


© 


.4 


5. 


.3 .2 


© 


.1 

.4 


6. 


.3© 


1.® 


.a 

4. 


8. 


1 62 


© 


4. 3. 


9. 


.2 

4. 


© 


1. 3. 


11. 


4. 3. 


<? 


2. !•• 


14. 


.4 


© 


.1 

2 d 3 



On the fourth day of the month, given above, the first and sec- 
ond satellites are eclipsed at eight at night ; the third is on the 
left hand of Jupiter, and receding from the planet, and the fourth 
is on the right hand receding. 

On the^^A day of the month, at the same hour, the third and 
second satellites are on the left hand of Jupiter, and are ap- 
proaching him ; the first is on the right hand receding from the 
planet, and the fourth is on the right hand approaching it. 

On the sixth day the third satellite will appear like a bright 
spot on the disc of Jupiter ; the first will be on the left hand re- 
Ceding from Jupiter ; the second and fourth on the right hand, the 
second receding from, and the fourth approaching the planet. 

On the eigth day the first and second satellites are in conjunc- 
tion on the left hand of Jupiter ; the fourth and third are on the 
right hand approaching the planet. 

On the fourteenth day the fourth satellite is on the left hand ap- 
proaching Jupiter, the first on the right hand receding from Jupi- 
ter, and the second and third in conjunction on the right hand. 

By observations on the satellites of Jupiter the progressive mo- 
tion of light was discovered ; for it has been found by repeated ex- 
periments ; that, when the earth is exactly between Jupiter and 
the sun, the eclipses of Jupiter's satellites are seen 8{ minutes 
later than the time predicted ; hence it is inferred that light takes 
up about 16| minutes of time to pass over a space equal to the 
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' ocfipMsflTdie ald- 



i ' Or S«nxa ^ Um SattHkei tad JUn^. 

fawrn AJHCT wkh a pale, feeble Se&t. bemg tba fardiext ftom 
dw lan of nr of ibe pboeta tbat uv'vhUc witlnuc a te fa a ra y e . 
TIm plaaet, when newed drnxigli a gwid leleacofiCr always eo- 
ffgB» A/s attentMi of dhc yosng aatraaamer fe^ tbe siagi^nty- of 
It n suiiWnDd by an laacnor asa axlcnv fwi& 

wilb ibe nngs. Theae in^ and sMd&Ka s« dB 
Ojw wie and dense bodiea. like (Int of Sanwn, and ihiae only by 
Ihe bgfit winch ifaey receive fnMi) the sua. Tlie diec of Saturn ie 
KkewMe crossed bj obscure zones or belu, Gke tboae of Jupiter, 
wtHcft rarjr in Iheir figore according to the directkn of tbe rings. 
SflUmt perfMiM his rerolaUoa roaadlhesmiiB'^jeais 174day3 
I boar al nmoies II seconds': hence his mean dsunce fioni 
Ihli Mm IS 9070H9CI92 milest ; and Us pmgremve nuiioa in hts 
ortiil iit '-J2072 miles per Soar. 

The inclination of tbe orbit of Saturn (o tbe plane of the 
ecliptic ra said tu be ^ 29' 50", and tbe place of his ascending 
node about iil degrees in Cancer.^ 

Saturn, at his mean distance from the earth, subtends an angle 



* La/iate Rtite* the >idem*l period of Siliim to be 10758 96984 da; n, simI hu 
tfwan didance Troni the aan 9.S3BTT ; see alio AbrigU d> A$tTffnimat, par M. Dt- 
UmAri, page 463. Pan*, 18 1 3. 

t For lOTM A. I h. 51 min. 1 1 (ec^9395S4971 a(^condi>, ihe square of which is 
SMIM9 1 8890601 441, this divided by 99£g39704797184, (Ke square o( ihe seconds 
in a Tiar (oee the note, pape142.) gives 867.736958, the cube root of which is 
».IIMIiH, Ihfl relaliTo diitance of Saturn from the sun. Heuce S333S.S4 X 9-531 IS 
■-SST7 1*7.346005 1 3 dIaUnceorSalum from tbe sun in semi-diamelera of (heearth ; 
■nd S9TT97.346W513X 3983— 907089033.15 miles, the mean distance of Sal urn 
fromlheMin. 113: 355:907089031 X3: 5699408963.I23B miln circutnference of 
Iha orbit of Saturn. Then, 10759 d. Ih. 51m. II sec.: 569040896S milea:: 1 h. : 
SIDTS miles which Salum moves per hour in his orbit. 

IS SI" SIC SB" in Cancer, I 
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of 20"; hence his real diameter is 78730* miles and his magni- 
tude 966t times that of the earth. The light and heat which this 
Elanet receives from the sun is about xiir partj of the light and 
eat which the earth receives. 
According to Dr. Herschel, Saturn revolves on his axis from 
west to east in 10 hours 16 min. 2 sec. and this axis is perpendic- 
ular to the plane of his ring. The equatorial diameter of Saturn, 
viz. the diameter in the direction of the ring, is to the polar diam* 
eter, viz. the axis, as 11 to 10. 

Of the Satellites of Saturn. 

Saturn is attended by seven moons ; the fourth was discovered 
be Huygens, a Dutch mathematician, in the year 1655. The 
firstf second, third, and ^th, were discovered at different timesi 
between the years 1671 and 1685, by Cassini, a celebrated Ital- 
ian astronomer. The sixth and seventh satellites were discovered 
by Dr. Herschel in the years 1787 and 1789. The two satellites 
discovered by Dr. Herschel are nearer to Saturn than the other 
five, and therefore should be called the first and second ; but to 
distinguish them from the other satellites, and to prevent confu- 
sion in referring to former observations, they are called the sixth 
and seventh satellites. The seventh satellite, which is nearest to 
Saturn, was discovered a short time after the sixth. In the fol- 
lowing table, the satellites are arranged according to their re- 
spective distances from Saturn, and the Roman figures in the lefl- 
hand column show the number of the satellite. The figures be- 
tween the parentheses show the order in which they oc^t to be 
nombered. 



* 907089032—95101468 miles, the distance of the earth from the son, = 
811987564 miles distance of the earth from Jupiter. Now, inversely, 811987564 
zW : : 95101468: 170''.762, the apparent diameter of Saturn at a distance from 
Ae earth equal to that of the sun (by the note, page 143) ; 32" S'' : 886149 
: :170''.762: 78730 miles, the diameter of Saturn. 

t Found by dividing the cube of the diameter of Saturn by the cube of the dianh 
etOTofthe earth. 

I Found by dividing the square of the mean distance of Saturn from the sun by 
y^ square of the earth's mean distance from the sun. 
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Til. (1) 


. 22 . 37 . 23 


3.080 


121244 


VI. (2) 


1 . 8 . 53 . 9 


3.952 


155570 


I. (8) 


1.21 . 18 . 27 


4.893 


192613 


11. (4) 


2. 17 .44.61 


6.268 


246740 


III. (5) 


4. 12 .25. 11 


8.754 


344601 


IT. (6) 


16 . 22 . 41 . 16 


20.295 


798912 


T. (7) 


79 . 7 . 63 . 43 


59.154 


2328597 



The firsl, secoDd, third, and fourth satellites, as well as the 
nxth and seventh, are all nearly in the same plane with Saturn's 
ring, and are inclined to the orbit of Saturn in an angle of about 
30 degrees ; but the orbit of the fifth satellite is said to make an 
angle of fifteen degrees with the plane of Saturn's ring. Sir 
Isaac Newton conjectured* that the fifth satellite of Saturn re- 
volved round its axis in the same lime that it revolved round 
Sntum ; and the truth of his opinion has been verified by the ob- 
Bervations of Dr. Herschel. 

0/ Saturn's R'mg. 



The ring of Saturn is a thin, broad, and opaque circular arch, 
surrounding the body of the planet without touching it, like the 
\rooden horizon of an artificial globe. If the equator of the'ar- 
tificial globe be made to coincide with the horizon, and the globe 
be turned on its axis from west to east, its motion will represent 
that of Saturn on its axis, and the wooden horizon will represent 
the ring, especially if it be supposed a little more distant from the 
globe. The ring of Saturn was first discovered by Huygens ; and 
when viewed through a good telescope, appears double. Dr. 
Herschel says, that Saturn is encompassed by two concentric 
rings, of the following demensions: 

Miles. 
Inner diameter of the smaller ring - - 146345 

Outside diameter of ditto - . - 184393 

Inner diameter of the larger ring - - 190348 



* Principia, Book 111. Prop, i 
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Outside diameter of ditto - - - 204883 

Breadth of the inner ring . • - 20000 

Breadth of the outer ring - - - 7200 

Breadth of the vacant space, or dark zone between the 

rings - . - . - . 2839 

The ring of Saturn revolves round his axis and in a plane co- 
incident with the plane of his equator, in 10 hours 32 min. 15.4 
sec. The ring being a circle, appears elliptical, from its oblique 
position ; and it appears most open when Saturn's longitude is 
about 2 signs 17 degrees, or 8 signs 17 degrees. There have 
been various conjectures relative to the nature and properties of 
this ring. 

XII. Of the Georgium Sidus, or Herschel iji, and its 

Satellites, 

The Georgian is the remotest of all the known planets belong- 
ing to the solar system ; it was discovered at Bath by Dr. Her- 
schel on the 13th of March, 1781. This planet is called by the 
English the Georgium Sidus, or Georgian, a name by which it is 
distinguished in the Nautical Almanac. It is frequently called by 
foreigners Herschel, in honour of the discoverer. The royal 
academy of Prussia, and some others, called it Ouranus, because 
the other planets are named from such heathen deities as were 
relatives : thus Ouranus was the father of Saturn, Saturn the 
father of Jupiter, Jupiter the father of Mars, &c. This planet, 
when viewed through a telescope of a small magnifying power, 
appears like a star of between the 6th and 7th magnitudes. In 
a very fine clear night, in the absence of the moon, it may be 
perceived, by a good eye, without a telescope. Though the 
Georgium Sidus was not kno\^ to be a planet till the time of 
Dr. Herschel, yet astronomers generally believe that it has been 
seen long before his time, and considered as a fixed star.* 

In so recent a discovery of a planet at such an immense dis- 
tance, the theory of its magnitude, motion, &;c. must be in some 



* According to F. de Zach's account of this planet in the Memoirs of the 
Brussels Academy, 1785, there was then in the Hbrary of the Prince of Orange, 
four observations of this planet considered as a star, in a catalogue of observations 
written by Tycho Brahe ; but, as Tycho was not acquainted with the use of 
telescopes, some writers contend that he could not see it ; while others maintain 
that, as he has marked stars which are not greater than this planet, he might cer- 
tainly have seen it. This planet was likewise seen by rrofessor Mayer of 
Gk>ttuigeD, in the year 1756, being the 964th of his catalogue. 
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CHAPTER VI. 



On /A« Nature «/" Corruilx ; the Eltmgalwru, Suaionary, and Ret' 
rogrufic Ammtruncc of the PluneU ; anil on the Eclipses of the 
Hun imU Morm. 



Ofl CftMETS. 



Tiiorn 
form tho 



the primnry plnnets already described, and their 
n cfinfiifiered an the whole of the regular bodies which 
ilnr fiyiitetn, yet that Hyxtem is sometimes visited by 
iitlior lnKli<r», willed cornntu, which arc supposed Vo mo\t round 
tho mm in nlli|]tic>il orbits. These orbits are supposed to have 
iho Bim in one of the foci, like the planets; and to be bo very 
ocronlric, thut tho comet becomes invisible when in that part of 
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its orhxi which is the farthest from the sun. It is extremely diffi* 
cttk to determine the elliptic orbit of a comet, with any degree of 
accuracy by calculation ; for, if the orbit be very eccentric, a 
small error in the observation will change the computed orbit into 
a parabola or hyperbola ; and from the thickness and inequality 
of the atmosphere with which a comet is surrounded, telescopic 
observations on them are always liable to error. Hence the the- 
ory of the orbits, motions, &;c. of comets, is very imperfect ; and 
though many volumes have been written on the subject*, they are 
clHefly founded on conjecture. The unexpected appearance of 
the comet in 1807 fully confirms this assertion, and will doubtless 
give rise to a variety of new calculations, and new hypotheses, 
which, like former ones, for want of sufficient data, will disappoint 
the expectations of succeeding astronomers. The same observa- 
tioDS will apply to the very brilliant comet which appeared in the 
months of September, October, and November, 1811. Among 
all the different comets that have appeared, the period of only one 
of them is known with any degree of accuracy, viz. that which 
was observed in 1531, 1607, and 1682, being about 76 years. 
The comets. Sir Isaac Newtonf observes, are compact, solid, and 
durable bodies, or a kind of planets which move in very oblique 
and eccentric orbits every way with the greatest freedom, and 
preserve their motions for an exceeding long time, even where 
contrary to the course of the planets. Their tail is a very thin 
and slender vapour, emitted by the head or nucleus of the comet 
when ignited or heated by the sun. 

II. Of the Elongations, &c. of the interior Planets. 

Let t, e, e, {Plate IV. Fig, 8,) represent the orbit of the earth ; 
a, u?, u, x, jf, g^ k, the orbit of an interior planet, as Mercury or 
Venus^and s the sun. 

Let T represent the earth, s the sun, and a Venus at the time of 
her inferior conjunction ; at this time she will disappear like the 
new moon, because her dark side will be turned towards the 



* The latest writings on the subject of comets are M. Pingr^'s Coni6tographie, 
in two vols. 4to., and Sir Henry Enelefield's work, entitled, " On the Determina^ 
lion of the Orbits of Comets. A well written article on Comets may be seen in 
Dr. Rees' AVio CydopedtOj together with the elements of ninety-seven of them, and 
the names of the authors who have calculated their orbits. 

|Many interesting particulars respecting the nature of comets, &c. may be learned 
by referring to the uitter end of the third £>ok of Newton's Principia. 
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earth. While Venus moves from a towards w she appears to the 
westward of the sun, and becomes gradually more and more en- 
lightened (having all the different phases of the moon.) When 
she arrives at v, her greatest elongation, she appears half enlight- 
ened, like the moon in her first quarter ; at this time she shines 
very bright.* From her inferior to her superior conjunction, viz. 
from her situation in that part of her orbit which is directly be- 
tween the earth and (he sun as at a, to her situation in that part of 
her orbit in which the sun is between her and the earth ; she rises 
before the sun in the morning, and is called a morning star. From 
her superior to her inferior conjunction she shines in the evening 
after the sun sets, and is then called an evening star. 

From the greatest elongation of Venus when westward of the 
sun, as atv, to her greatest elongation when eastward of the sun 
as at g, she will appear to go forward in her orbit, and describe 
the arc vwhq amongst the fixed stars ; but from ^ to i; she will 
appear retrograde'f, or return to the point v in the heavens in the 
order ohwv. For when Venus is at /, she will be seen amongst 
ihe fised stars at h, and when at g, she will appear at a : when she 
arrives at !i, she will again appear at h in the heavens. Hence in 
a considerable part of her orbit between /and A, and between w 
and X, she will appear nearly in the same point amongst the fixed 
stars, and at these times is said to be stationary.;}; 

When a planet appears to move from the neighbourhood of any 
fixed stars, towards others which lie to the eastward, its motion is 
said to be direct ; when it proceeds towards the stars which lie 
to the west, its motion is retrosrade; and when it seems not to 
alter its position amongst the fixed stars, it is said to be stationary. 

If the earth stood still at t, the planet Venus would seem to 
make equal vibrations from the sun each way, forming the equal 
angles ^s and wrs, each 47° 48', her greatest elongation, and the 
stationary points would always be in the same place in the 
heavens; but it must be remembered that, while Venus is pro- 



* Venua gives the greatesl quantity of light to Ihe earth when her elongation Ie 
39= 4* nncf'jFlujUons. 

\ The Blntionttry and retrograde appearances of the iaftrioT planets ate neati) 
illustrated b; a amali orrery, made and aoid by Measrs W. and S. Jones, Matiie' 
tnatical Instrument- makers, Hoi born, 

X This manner of determining (ho stationary points ia the same with that given 
by Ferguson in his Astronomy, Enfield in his Philosophy, and by many otbei wri. 



andeitensive view of this subjeel see Emerson's Aattonomy, Vini 
omy, vol. I. and Delainbre's large Astronomy, vol. III. 
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ceeding in her orbit from a towards a?, the earth is going forward 
from T towards e ; hence the stationary points, and places of con- 
junction and opposition, vary in every revohition. 

What has been observed with respect to Venus, may be ap- 
plied with a Uttle variation to Mercury. 

III. Of the stationary and retrograde appearances of 

THE EXTERIOR PlANETS. 

Because the earth's orbit is contained within the orbit of Mars^, 
Jupiter, &c. they are seen in all sides of the hehvens, and are as 
often in opposition to the sun as in conjunction with him. Let 
the circle in which t is situated {Plate IV. Fig. 8.) represent the 
orbit of the earth, and that in which m is situated the orbit of Mars. 
Now, if the earth be at t when Mars is at m, Mars and the sun 
will be in conjunction, but if the earth be at t when Mars is at m, 
they will be in opposition, viz. the sun will appear in the east 
when Mars is in the west. If the earth stood still at t, the motion 
of the planet Mars would always appear direct; but the motion of 
the earth being more rapid than that of Mars, he will be overtaken 
and passed by the earth. Hence Mars will have two stationary 
and one retrograde appearance. Suppose the earth to be at e 
when Mars is at m, he will be seen in the heavens among the fixed 
stars at m ; and for some time before the earth has arrived at e, 
and after it has passed e, he will appear nearly in the same point 
m, viz. he will be stationaiy. While the earth moves through the 
part E ^ e of its orbit, if Mars stood still at m, he would appear to 
move in a retrograde direction through the arc m p r n, in the 
heavens, and would again be stationary at n ; but if, during the 
time the earth moves from e to e. Mars moves from m to o, the 
arc of retrogradation would be nearly mvr. 

The same manner of reasoning may be applied to Jupiter and 
all the superior planets. 

IV. On Solar and Lunar Eclipsesf. 

An eclipse of the sun is occasioned by the dark body of the moon 
passing between the earth and the sun, or by the shadow of the 
moon falling on the earth at the place where the observer is sit- 
uated, hence all the eclipses of the sun happen at the time of the 
new moon. Thus, let s represent the sun, {Plate II. Fig. 6.) m 
the moon between the earth and the sun, a e g & a portion of the 
earth's orbit, e ^uAf two places on the surface of the earth. The 
dariL part of the moon's shadow is called the umbreii and the light 
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nnt the penumbra; now it is evident that if a spectator be srtaated 
in that part of the earth where the umbra falls, that is between 
e and /, there will be a. total eclipse of the sun at that place ; at e 
and / in the penumbra there will be a partial eclipse ; and be- 
yond the penumbra there will be no eclipse. As the earth is not 
always at the same distance from the moon, if an eclipse should 
happen when the earth is so far from the moon that the lines r e 
and cf cross each other before they come to the earth, a specta- 
tor siluiitcd on the enrth, in a direct line between the centres of 
the sun and moon, would see a ring of light round the dark body 
of the moon, called an annular eclipse : when this happens there 
can be no total eclipse any where, because the moon's umbra does 
not reach the earth. People situated in the penumbra will per- 
ceive a partial eclipse. 

According to M. de Sejour, an eclipse can never be annular 
longer than 12 min. 24 sec, nor total longer than 7 min 58 sec. 
If the moon be esactly in her node, the centre of her shadow will 
pass over the centre of the earth's enlightened disc, and describe 
B diameter, if the mown has latitude, the centre of her shadow will 
describe a chord on the circular disc of the earth, varying in length 
according to her latitude : hence the duration of a solar eclipse 
depends on the lengih of the hne which the centre of her shadow 
describes, the proximity of the place to the centre of the earth's 
disc, and the velocity of the moon's motion. 

As the sun is not deprived of any part of his light during a solar 
eclipse, and the moon's shadow, in its passage over the earth 
from west to east, only covers a small part of the earth's enlight- 
ened hemisphere at once, it is evident that an eclipse of the sun 
maybe invisible to some of the inhabitants of the earth's enlight- 
ened hemisphere, and a partial or total eclipse may be seen by 
others at the same moment of time. 

An eclipse of the moon is caused by her entering the earth's 
shadow, and consequently it must happen when she is in opposi- 
tion to the sun, that is, at tlic time of full moon, when the earth 
is between the sun and the moon. Let 3 represent the sun 
{Plate II. Fig. 6.) eq the earth, and m the moon in the earth's 
umbra, having the earth between her and the sun ; dbp and hgp 
the penumbra. Now, the nearer any part of the penumbra is to 
the umbra, the less light it receives from the sun, as is evident from 
the figure; and as the moon enters the penumbra before she en- 
ters the umbra, she gradually loses her light and appears less 
brilliant. 

The duration of an eclipse of the moon, from her first touching 
the earth's penumbra to her leaving it, cannot exceed 5 1-2 hours. 
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The moon cannot continue in the earth's umbra longer than 8| 
hours in any eclipse, neither can she be totcJly eclipsed for a 
longer period than 1| hour.* As the moon is actually deprived 
of ner light during an eclipse, every inhabitant upon the face of 
the earth who can see the moon will see the eclipse. 

General Observations on Eclipses. 

If the orbit of the earth and that of the moon were both in the 
same plane, there would be an eclipse of the sun at every new 
moon, and an eclipse of the moon at every full moon. But the 
orbit of the moon makes an angle of about 5^ degrees with 
the plane of the orbit of the earth, and crosses it in two points 
called the nodes ; now astronomers have calculated that, if the 
moon be less than 17^ 21' from either node, at the time of new 
moon, the sun may be eclipsed ; or if less than 1 1"" 34' from either 
node, at the full moon, the moon may be eclipsed ; at all other 
times, there can be no eclipse, for the shadow of the moon will 
fidl either above or below the earth at the time of new moon ; 
and the shadow of the earth will fall either above or below the 
moon at the time of full moon. To illustrate this, suppose the 
right-hand part of the moon's orbit (Plate II. Fi^. 6.) to be eleva- 
ted above the plane of the paper, or earth's orbit, it 19 evident 
that the eardi's shadow, at full moon, would fall below the moon ^ 
the left-hand part of the moon's orbit at the same time would bo 
depressed below the plane of the paper, and the shadow of the 
0ioon, at the time of new moon, would fall below the earth. Ija 
this case the moon's nodes would be between e and a, and between 
e and b, and there would be no eclipse, either at the full or new 
iQoon ; but if the part of the moon's orbit between g and b be ele- 
vated above the plane of the paper, or earth's orbit ; the part be- 
•tween e and a will be depressed, the line of the moon's nodes will 
then pass through the centre of the earth and that of the moon, 
end an eclipse will ensue.f An eclipse of the sun begins on the 
western side of his disc, and ends on the eastern ; and an eclipse 
of the nioon begins on the eastern side of her disc, and ends on 
tiie weiiern. 



* Emenon's Astronomy, sect. 7^age 339. 

t If you draw the figure on card-paper, and cut out the moon, her shadow and 
Ofbit, BO as turn on the line a £ g 6, &c the above illustration will be rendered 
more familiar. 

22 
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NuMBEK ot EcuToa n a Teas. 

'n*B average number of eclipses in a year is /our, two of ibe 
gun and two of Ibe moon ; and aa the sun and moon are as toog 
below the liorizon of any particular place as ihe^ are abofe it, ibe 
average number of visible eclipses in a year is two, one of the 
miD and one of the moon ; the lunar eclipse frequently happens 
a fortnight after the solar one, or ihc solar one a fortnight afier 
the lunar one. 

The most general numberof eclipses, in any year, is four ; there 
are tomUiniss tie eclipses in a year, but tltere cannot be more than 
seven, nar fewer titan two. 

The reason will appear, by considering that the sun can not 
pass both the nodes of the moon's orbit more than once a-year, 
making four eclipses, except be pass one of them in the beginning 
of the year; in this case he may pass the sarne node again a little 
before the end of the year, because be is about 173* days in pass- 
ing from one node to the other ; therefore he may return to the 
same node in about 346 days, which is less than a year, making 
fliz eclipses. As twelve lunationsf, or 354 days from the eclipse 
in the beginning of the year may produce a new moon before 
the year is ended, which (on account of the retrograde motion of 
(he moon's node) mat/ fall within the solar limit, it is possible for 
Bcvcn ccli|isc3 tu hnfijion in a year, five of the sun and two of the 
moon. Wlien the moon changew in either node, she cannot be 
near enough to the other node at the time of the next full moon 
to be eclipsed, and in six lunar months afterwards, or about 177 
days, she will change near the other node ; in this case there can 
not be more than two eclipses in a year, and both of the sun. 

The ecliptic limits of the sun are greater than those of the 
moon, and hence there will be more solar than lunar eclipses, in 
the ratio of 17" 91' to 1!'^34', or nearlyof 3to2; but more lunar 
than solar eclipses are seen at any given place, because a lunar 
eclipse is visible to a whole hemisphere at once, whereas a solar 
eclipse is visible only to a part, as has been observed before, and 
therefore there is a greater probability of seeing a lunar than a 
solar eclipse. 

• The moon's nodes have a retrograde motion of about I9J decrees inayear 
191 

(■ee p>gB 147), therefore the sun will hivo to move (ISO ^) 170^ degrees 

2 
from one nodo to tbo otiier. But it hns been shown in a preceding note, {see page 
36,) that the sun'a apparent diurnsl motion ia about 53' in a day ; hence 59' ; 1 day 
: : 1701° ! 173 dajB. 
t That ia, IS times 39 days 13 houte 44 min. 3 sec, or 354 days 8 houre 48 m 
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CHAPTER VII. 

Of the Calendar. 

The Calendar is a distribution of time, as accommodated to 
the various uses of life, and contains the division of the year into 
months, liveeks, days, 4&c. distinguishing the several festivals, and 
other remarkable days. The manner of reckoning time now in 
use was instituted by Pope Gregory in 1582, and adopted in Eng- 
land in 1752. 

The Common Notes for the year, usually given in the almanacs,- 
are. The Cycle of the Moon, or Gk)lden Number ; the Epact; the 
Cycle of the Sun and the Dominical Letter; the number of Direc- 
tion ; and the Roman Indiction.* 

I. The Cycle of the Moon is a period of 19 years, after which 
the new and full moons fall on the same day of the month as they 
did at the beginning of the period. Any number of this period is 
called the Golden Number. 

To find the Golden Number for any Year. 

Rule. Add 1 to the given year, and divide the sum by 19, the 
remainder is the Grolden Number. If there be no remainder, the 
Golden Number is 19, 

Example. What is the Gk)lden Number for the year 1825 ? 

(1825 + 1) -r- 19 leaves a remainder of 2, which therefore is the 
Golden Number. 

II. The Epact for any year is the moon's age at the beginning 
of that year ; that is, the number of days which have elapsed since 
the last new moon in the preceding year. Its use is to find the 
Paschal full moon. 

To find the Epact for any Year till 1900. 

Rule. Find the Gk)lden Number and subtract 1 from it, mul- 
tiply the remainder by 11, and the product will be the Epact; if 



* The Roman Indiction is of no use whatever in the Calendar. It was a period 
of 15 years, in which the Romans collected a tax from the countries which they 
had conquered. To find the Roman Indiction add 3 to the year of Christ, and 
divide the sum hy 15, the remainder is the Indiction. Thus, the indiction for 1825 

is 13, for (1825 -f- 3) -r- 15 leaves a remainder of 13. 

The Jtdian Period appears in the Nautical Almanic for 1825 ; it is of no use in 
the calendar ; however it may be found by adding 4713 to the year of Christ. Thus, 
1885-1.4713 SB 6538 the year of the Julian Period. 
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the product exceed 30, divide it by 30, and the remaioder will 
be the Epact. When the golden number is 1, the Epact is S9. 

Example. 'What is the epact for the year 1825 ? 

The Golden Number (already found) is 3, hence (3 — ixH) 
=11, which is the Epact. 
The Epact for 1824 is 39, the Golden Number being 1. 
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III. The Ci/cUf^Vte Ban is a period of 38 years, after which 
the days of the month return to the same days of the week. This 
c^e halB no reference to the apparent motion of the sun, its duef 

use being to find the Dominical Letter. 

In order to connect the days of the week with the days of the 
year, the first sevtn letters of the alphabet are chosen to mark 
the several days of the week. These letters are arranged in 
such a manner for every year, that the letter a stands for the first 
of January, b for the second, c for the third, and so on. The 
seven letters being constantly repeated in their order through all 
the days of the year, it is pfain that the same letter will answer 
to Sunday throughout the whole year, which is therefore called 
the Sunday Letter. 



To find the Cycle of the Sun for any Year till 1900, and likewise 
the Sunday Letter. 

Rule. Add 9 to the given year, and divide the sum by 28, the 
remainder is the year of the solar cycle ; if there be no remainder 
the solar cycle is 38. Then, in the following Table, against the 
solar cycle you will find the Dominical Letter. 

Ok, To the given year add its fourth part, and increase the sum 
by 6, divide the result by 7, and the remainder taken from 7 leaves 
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F 6, and o 7. In a leap-year this rule always ^ve« the leUer 
answering to the months atler February. 
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In a leap-year there are two Sunday letters ; the left-hand 
letter is used till the end of February, and the other till the end 
of the vear. 

Example. What is the Dominical Letter for 1825? (ISSd^-d 
-^38 leaves a remainder of 14 ; therefore b is the Sunday 
LeUer. 

Ob, 1825-1. UM .^6=2287, this divided by 7 leaves &. Now 
7 — 5ieS the number of the letter, therefore the letter is b. 

The Sunday Letter for the ^ar 1826 is a. 

IV. The Number of Direction is a number to be added to the 
Slat of March to show on what day of the month Etuter Sunday 
fells. The earliest Easter possible is the 22d of March, the irtart 
the 25th of April. Within these limits are 35 days, and the num- 
ber of direction varies from 1 to 35. Thus, if Easter Sunday 
&11 on the 22d of March the number of direction is 1, if on the 
93d it is 2 ; and so on to the 3Lst, when the number of direction 
ia 10. If Easter Sunday fall on the first of April, the ntmiber 
o( direction is 11, if on the 2d it is 12, and so on to the 25th of 
^ml, when the number of direction is 35. 
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Example. On what day of the mondi and in what month 
does Easter Sunday fall in the year 1825 7 

The Golden number already found is 2, and the Sunday Let- 
ter ■. Under 3, and in a line witii n, in the preceding Table, 
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joa will find 13, vtixit ig the namber of direction. Easter Son- 
day &lls therefore on the 3d of April. 

To find the PiscHii. Full Moon, and thence Easier Day by Ote 

Epacl. 

Add six to the Epact (tf this sum exceed 30, thirty must be 
taken from it, and subtract the sum from 50, the remaioder is 
the Paschal full moon, or Easter limit. Add 4 to the number of 
the Dominical letter, subtract the sum from the limit, and the 
remainder from the next higher number wliich will divide even 
by 7, The last remainder added to the limit will give the num- 
ber of days from the first of March to Easter Day, both in- 
clusive. 

Example. Find the Paschal full moon and Easter Day for the 
year 1825. 

The Epact, already found, is 11, then 50— (ll+6)=33 Easter 
limit, or the Paschal full moon. The Dominical letter is b, hence 
the number of the letter is 3 ; and 33 — (2+4)=27, the next 
higher number to which, divisible by 7, is 28 ; therefore (28 — ^27) 
-f53 the limit=34 days from the first of March ; hence Easter 
day is the 3d of April. 



A Table for finding Easter till the year 1900 | 
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10 April B. 


XII. 


1 April o. 
21 Ar. c. 


XIV. 


30 Mar. B. 


XXIII. 


XXV. 


18 April c. 


IV. 


9 April A. 


VI. 


7 April r. 


XV. 


69 Mar. ». 


XVII. 


27 Mar. B. 


XXVI. 


17 April B. 


XXVIII. 


15 April <:. 


VII. 


6 April E. 






XVIII. 


26 Mar. A. 



The tisb of the Table. Find the Epact (by some of the pre- 
ceding methods), against which, in the Table, is the day of the 
Paschal full moon, with its corresponding weekly letter. 

Example. On what day docs Easter fall in the year 182.3 ''. 
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the day of the Paschal full moon ; and this happens on a Satur- 
day, as indicated by the letter a, b being the Sunday letter for the 
year ; hence Easter Day falls on the 3rd of April. 

Having found Easter Sunday ^ all the moveable feasts which* 
depend upon it are known. 
Septuagesima Sunday is 9 weeks 
Sexagesima Sunday is 8 weeks 
Shrove Sunday or Quinquc^esima Sunday is 7 weeks 
Shrove Tuesday and Ash Wednesday follow Quinquagesima 

Sunday 
Quadragesima Sunday is 6 weeks 
Palm Sunday a week 
Good Friday two days 
Low Sunday is 1 week 
Rogation Sunday is 5 weeks 
Ascension Day or Holy Thursday ^ the Thursday following 

Rogation. 
Whit Sunday is 7 weeks 
Trinity Sunday is 8 weeks 

Then follow all the Sundays after Trinity in order. The Sun- 
days between Ash Wednesday and Easter are called Sundays in 
Lent ; and the Sundays between Easter and Whit Sunday are 
called Sundays after Easter. 

V. By Act of Parliament Easter Day is the first Sundav after 
the full moon which happens upon, or next after, the !21st of 
March ; and if the full moon fall on a Sunday, Easter Day is the 
Sunday After.* 




* The Act of Parliament does not refer to the Astronomical full moon as deter- 
mined by exact calculation, but to the full moon as determined by the established cal- 
endar. Thus, in the year 1818, the astronomical full moon was on Sunday the 22d 
of March, but the calendar full moon was on Saturday the 21it, consequently Easter 
the Sunday following, viz. the 22d. 



A TABLE _ 

Adi! Iho number taken from this labio 
tu the day of the montli ; Ihe sum 
(rejecting 30, if it eieeei 30,) U the 
nee. 
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36 

1 11 
1 46 
3 31 
1 1 

3 44 

4 37 

5 40 
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11 33 
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21 


32 


23 
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26 
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M 
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26 
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Thi hibof the Table. To findlhe time of 
in the Table, opposite to the givon year, and luiilf 

ExumpUa. The time of new moon in Febmary, 
aitid so on for an; other year or month. 

To find the (inie 0/ /uJI moon. Subtract the number in the Table, opposi 
the given year, and under the given month, from 30 ; if the remainder b 



moon. Subtract the number 

e given month, from 30. 

;5, 18 on the 17th (=30- 13); 
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full moon happens on the 30th day of the month ; if the remainder exceed 15, the 
the excess above 1 5 is the day of the month on which full moon happens ; if the 
remainder fall short of 15, add 15 to it, and the sum will show the day of the month 
on which full moon will happen. 

Examples. Full moon happens on June 30th, 1S25, for 30 — ]5s=l5. In Janu- 
aiy, 1825, full moon falls on the 4th, for 30—11=19, and 19—15=4. In July 1825, 
full moon falls on the 29th, for 30—16=14, and 14-f ]5»29. 

N. R Thouj^h the preceding table be calculated only for 19 years, it will answer 
till the year 1900, by changing the years at the expiration of 19. Thus instead of 
1823, write 1842, and so on in a gradual succession to 1860, without any alteration 
of the figures under the months ; and when these years are elapsed, begin again 
with 1861, &c The column m the preceding Table under January, shows the 
Epacts for the respective years prefixed ; and the right-hand column annexed to 
the moon's age is used in finding the time of high water, in the succeeding prob- 
lems. 

VI. Of the Tear by the Chregorian Account. 

The year, according to our present mode of reckoning, con- 
sists of 365 days for three years together, and every fourth year 
consists of 366 dajs, which is called a leap-year, in which the 
month of February has 29 days. But the centuries which will 
not divide even by 4, such as 1700,1800, 1900, are not leap years ; 
2000 is a leap-year, because 20 centuries are divisible by 4 : 2100, 
2200, 2300, are not leap years, and so on for succeeding cen- 
turies. 

Let us examine the accuracy of this. By making every fourth 
year a leap-year the average length of each year is 365J days or 
365 days 6 hours ; now the solar year consists of 365 days 5 hours 
48 minutes, 48 seconds (Def. 62), the ditference is 11 minutes 
12 seconds in 1 year, or 3 days 2 hours 40 minutes in 400 years ; 
but the Gregorian mode of reckoning provides for the 3 days, by 
rqecting the iniercalaiy day in the centuries which are not di- 
visible by 4, as 17, 18, 19, &c. hence the error in the Gregorian 
calendar is 2 hours 40 minutes in 400 ye^n^ or one day in 3600 
years : an error which the present generation need not trouble 
themselves about correcting. To this we may add that the 
greatest practical astronomers have not agreed definitively on the 
exact length of the solar or tropical year. 

D. H. ML fl. 

According to Ma3'er, this year is . . 365 5 48 42^ 

Lalande, . . • 365 5 48 48 

Baron de Zach, • • 365 5 48 50.9 

Delambre, . . . 365 5 48 51.6 

From the variety in these numbers, which are of the highest 

authority, it is manifest that the precise error of the Gregorian 

calendar is not easy to be determined. 

23 



PART IIL 



nuwuoM rtMramrnxM >t -ntm -muz?raux. ue» 



CHAPTER L 

ProlileJTis ptTf armed by the Terratrvd Glote. 



PROBLEM I. 

To find tke latitude of any given place. 

RifLC. Bring till! eivcn place to thai part of the brass me- 
ridiiin wlii<;h in mimrM;r';tI from the equator towards the poles : 
Ihi! (I(((n:'; iihovc lh<; plaf:e h the latitude. If the place be on 
the iiorih Hide of the froiiator, the latitude is north; if it be on the 
NOiilh Hide the hititiirle ix Hoiith. 

On mmiill iiM<i:n Ihu taliliiili^ of a jiraci! cannot be round nearer than to about a 
i|ttarl»r nr ii ilit(rni». Kanh iii:gtHo iif the brais i 
ipiniirnll]' ilivklnil into Ihmo oqual paria, irach par 
miltM ) till Hucl) (iIoImh Iho lalittKlo ina7 be Tnund lo lu . 

KxAMi'i.KH. What is the latitude of Edinburgh? 
JlnmBfr. Bd- norlb. 
'i. Ue'|iiircd the lutitudcs of the following places: 



AinHtenlam 


I'"lorcnce 




ArehniiRol 


Cibrultnr 


Quobec 


Burwloiia 


llainhuivh 


Rio Janeiro 


lliiliiviu 


i»i,„i,.,. 


Stockliolm 


Iteni^oolon 




Turin 


llerliu 


lli«l«m 


Vienna 


Ciulir. 


Mn.lnia 


Warsaw 


<"imlnn 


Mii.lrid 


Wilna 


l>iLiit/if. 


N„|,l™ 


W,i.liington 


I>li'iitheini 


P«ri< 


York. 
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3. Find all the places on the globe which have no latitude. 

4. What is the greatest latitude a place can have ? 

PROBLEM II. 

To find all those places which have the ^ame latitude as any 

given place. 

Rule. Bring the given place to that part of the brass meridian 
which is numbered from the equator towards the poles, and ob- 
serve its latitude ; turn the globe round, and all places passing 
under the observed latitude are those required. 

All places in the same latitude have the same length of day and night, and the 
same seasons of the year, though from local circumstances, they may not have 
the same atmospherical temperature. See the notej page 38. 

Examples. 1. What places have the same, or nearly the 
same latitude as Madrid? 

Answer. Minorca, Naples, Constantinople, Samarcand, Philadelphia, Pe- 
kin&c. 

2. What inhabitants of the earth hare the same length of days 
as the inhabitants of Edinburgh ? 

3. What places have nearly the same latitude as London ? 

4. What mhabitants of the earth have the same seasons of the 
year as. those of Ispahan ? 

5. Find all places of the earth which have the longest day the 
same length as at Port Ray^al in Jamaica. 

PROBLEM III. 

To find the longitude of any place. 

Rule. Bring the given place to the brass meridian, the num- 
ber of degrees on the equator, reckoning from the meridian pass- 
ing through London to the brass meridian, is the longitude. If 
the place lie to the '. right hand of the meridian passing through 
London, the longitude is east ; if to the left hand, the longitude is 
west 

On AdamCa and Canfa globes there are two rows of figures above the equator. 
When the place lies' to the right hand of the meridian of London, the longitude 
must be counted on the upper une ; when it hes to the lefl hand it must be counted 
on the lower line. BardiiCa New British Globes have also two rows of figures 
above Uie equator, but the lower line is always used in reckoning the longi- 
tude. 



Eiumms. 1. nin^ii ibeloagitiide orPeteidiaig! 
Aumtr. JOjTfM. 
% What ii the toifiUide of Pluladelphia f 

3. Reqinred the kiof^iKlei of the foDowing pbeei : 





Ci*ita Vecchia 


U^boD 


Alexandria 


Constantinople 


Madnu 


Barfaedoe. 


Cojienhagen 




Bombajr 


Drnntlieiin 


Mecca 


Bo»DyB.7 


Ephesus 


Niinkin 


Canton 


Gibraliur 


Palermo 


Cariwrom 


Lsghnm 


Poodicherrv 


Cayenne 


Liverpool 


Queda. 



4. What IB the greatest longitude a place caa have t 



PROBLEM IV. 

To find cdl those places that have the tame Umgilude as a 
given place. 

Rule. Bring the given place to the brass meridian, then all 
places under the same edge of the meridian from pole to pole 
nave the same longitude. 

All people BiluatRd under tbe same meridian from 66° SB* north Ulitude (o 66° 

number of hours before or afler noon with one particul&r place, it will be tbe same 
hour witb every other place situBted under tbe same meridian. 

ExAMFLBB. \. What places have the same, or nearly the same 
lon^tude as Stockholm f 
Anaaer. Dantlie, Preebiirg, Tsrento, the Cape of Good Hope, &«. 
2 What places have the same longitude as Alesandria? 

3. When it is ten o'clock in the evening at London, what in- 
habitants of the earth have the same hour ? 

4. What inhabitants of the earth have midnight when the in- 
habitants of Jamaica have midnight? 

5. What places of the earth have the same longitude as the fol- 
lewing places ? 

London Quebec The Sandwich islands 
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PROBLEM V. 

To find the latitude and longitude of any place. 

Rule. Bring the given place to that part of the brass meridi- 
an which is numbered from the equator towards the poles ; the 
degree above the place is the latitude, and the degree on the 
equator, cut by the brass meridian, is the longitude. 

This problem is only an exercise of the yir«{ and third. 

Examples. 1. What are the latitude and longitude of Peters- 
bui^? 

,Sn8wtr, Latitude 60* N. longitude 304* ^ 

2. Required the latitudes and longitudes of the following 
places : 



Acapulco 


Cusco 


Lima 


Aleppo 


Copenhagen 


Lizard 


Algiers 


Durazzo 


Lubec 


Archangel 


Elsinore 


Malacca 


Belfast 


Flushing 


Manilla 


Bergen 


Cape Guardafui 


Medina 


Buenos Ayres 


Hamburgh 


Mexico 


Calcutta 


Jeddo 


Mocha 


Candy 


Jaifa 


Moscow 


Corinth 


Ivica 


Oporto 




PROBLEM VI. 





To find any place an the globe, having the latitude and longitude 

of that place gii)en. 

Rule. Find the longitude of the given place on the equator, 
and bring it to that part of the brass meridian which is numbered 
from the equator towards the poles : then under the given lati- 
tude, on the brass meridian, you will find the place required. 

Examples. 1. What place has 151^" east longitude, and 34* 
south latitude ! 

Jinnoer. Botany Bay. 




•flflteplHWiDdHC batf flf Ibe bnm inerid- 

B the poles, and 

r pfaee to die me- 

t4lipn»lMN*iskaBill>e shore mark 

» Av frit, h) then, if 

rr ^ — rf -r --- ^—r. —"■>'!" ^"ith. =>;*-''-!■:' rhi? less latitude 
r-tn ^n ,7-;<uer. bu :3e Tetnyniier will be the diflerence of lat- 
atus lu. L Ai accwe^ m mk aortQ nni liie other sooth, add 
ana uMW'-awr. jb£ ^»sr sun w-3 be a»e di&rence of latitude. 
3j->-'«'^-ks- 1 Wmi li =K .mieicDce o(' biitude between 




X. fc*»t«HnM »f .iitier«»re of btmide belween the following 

Aferandria and the Cape of 

Good Hope 
Pekio u>d Lima 
Si. Sahradore and Surinam 
Wsstui^on and Quebec 
Porto Bellowid the Straits of 

Maafltaa 
Tnnidad I. and Trincomale 






ji|*>l MM I*' 



mi T\>ttk« 
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4. What two places on the globe have the greatest difference 
of latitude ? 



PROBLEM VIII. 

To find the difference of longitude between any tioo places. 

Rule. Bring one of the given places to the brass meridian, 
and mark its longitude on the equator ; then bring the other place 
to the brass meridian, and the number of degrees between its 
longitude and the above mark, counted on the equator, the near- 
est way round the globe, will show the difference of longitude. 

Or, find the longitudes of both the places (by Prob. III.) then, 
if the longitudes be both east or both west, subtract the less longi- 
tude from the greater, and the remainder will be the difference 
of longitude ; but, if the longitudes be one east and the other west, 
add them together, and their sum will be the difference of longi- 
tude. 

When this sum exceeds 180 degrees, take it from 360, and the 
remainder will be the difference of longitude. 

Examples. I. What is the difference of longitude between 
Barbadoes and Cape Verd ? 

Jinswer, 43o 42'. 

2. What is the difference of longitude between Buenos Ayres 
and the Cape of Good Hope ? 

Jhistoer. 76«» 54'. 

3. What is the difference of longitude between Botany Bay 
and O'why'ee ? 

Anstoer. 52<> 45', or 52} degrees. 

4. Required the difference of longitude between the following 
places : 



Constantinople and Batavia 
Bermudas I. and I. of Rhodes 
Port Patrick and Berne 
Mount Heckla and Mount Ve- 
suvius 
Mount iEtna and Teneriffe 
North Cape and Gibraltar. 

5. What is the greatest difference of longitude comprehended 
between two places ? 



Vera Cruz and Canton 
Bergen and Bombay 
Columbo and Mexico 
Juan Fernandes I. and Manil- 
la. 
Pelew \, and Ispahan. 
Boston in America and Berlin 



»><«.d 




ar%i *uu -Ji^ s 






■■■wA m pair of 
■or. «iKti wU 

ne^thelci^ 
^ l«<? ptaoes. 

7>ftn :it<f iKniiua '?f Lcodoo, will 




i*f Ofcc <{uikjt«at. or^toA » ?*eo» h 



I, W'jdi s -jw awiT'^st iisccn:^ x^vfta tbe Liz- 



t74.j jido^^Kkcttl a 






& Wt»t is tbe aeaN:>i tildcauot E>er<>e«a the ie 
dad «od &L Uvieua' 
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3. What is the nearest distance between London and Botany 
Bay? 



154 disUince in degrees. 
60 



9240 geographical miles. 



154 
69.1 

154 
13S6 
924 

10641.4 English miles. 



4. What is the direct distance between London and Jamaica, 
in geographical and English miles ? 

6, What is the extent of Europe in English miles, from Cape 
Matapan in the Morea, to the North Cape in Lapland ? 

6. What is the extent of Africa from Cape Verd to Cape 
Ckiardafui ? 

7. What is the extent of South America from Cape Blanco in 
the west to Cape St. Roque in the east ? 

8. Suppose the track of a ship to Madras be from the Lizard to 
St. Anthony, one of the Cape Verd islands, thence to St. Helena, 
thence to the Cape of Good Hope, thence to the east of the Mau- 
ritius, thence a little to the south east of Ceylon, and thence to 
Madras ; how many English miles is the Land's end from Madras? 

Sunple as the preceding problem may appear in theory, on a superficial view, yet 
frfieii applied to practice, the difficulties which occur are almost insuperable. In 
flailiiig across the trackless ocean, or travelling through extensive and unknown 
comitries, our only guide is the compass, and except two places be situated direct^* 
\y north and south of each other, or upon the equator, though we may travel of 
8ul firom one place to the other by the compass, yet we can not take the shortest 
nmte, as measured by the quadrant of altitude. 

To illustrate these observations by examples : first. Let two places be situated 
in latitude 50^ north, and differing in longitude 48 > 5(K, which will nearly corres- 
pond with the Land's End and the eastern coast of Newfoundland. The arc of 
nearui distance being that of a great circle, truly calculated hy spherical trigonometry, 
ia 30^ 49' 6", equal to 1849 i_ geographical miles, or 2141|, English miles ; but, if 

a ship steer firom the Land's End directly westward, in the latitude of 50' north, 
till her difierence of longitude be 48 ' 5(y, her true distance sailed will be 1883a ge- 
ographical miles, or 2181| EngUsh miles, making a circuitous course of 34^. ge- 
ographical miles, or 40b English miles. Those who are acquainted with spherical 

tiigonoraetry and the principles of navigation, particularly great circle saUing know 
that it is impossible to conduct a ship exactly on the arc of a great circle, except, as 
before observed, on the equator or meridian ; for, in this example, she must be 
steered through all the different angles, from n. 70° 49' 30" w. to 90 degrees, and 
continue sailing firom thence through all the same varieties of angles, tiU she ar- 
rives at the intended place, where the angle will become 70 " 49^ 3?', the same as 
at first. 

Secondly. Suppose it were required to find the shortest distance between the 
Lizard, lat 49"* 57' n. long. 5<' 21' w. and the island of Bermudas, lat. 32^ 35' n ; 
Ions. 63o 32' w. The arc of a great circle contained between the two places will 
be round, by spherical trigonometry, to be 45<^ 44', being 2744 geographical miles, 

24 
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\ milfs. See the method of calculating gurb problems in Keillt'i 
lattli e<1ilioii, page 313. Now fur u ship (o run Ibis EborlGBt tracks 
□m the LizanI a. 83 ' 39* w. lad gmduHJly lessen ber course bo as tc 
Idas on Ibe rbumb bearing s. 49 ' 47' w. j but tlue, liiougb true in 
icticable ; the cnurse and diatniice must Iherefore be calculated by 
ig. Tbe direct eourse b; the compoBB will be found to he s. G6° 9' jr, 

and the dis^...^ upon that caureo 2SU0 grograpbical miles, or 3343 Engbsb miles ; 

nuking a ' ibiua course of 56 geogrnphicBl miles, or 65 English miles. 

Htnet, ■ ! Iht dtatimei brtwtiii any ttBonlaces mkiat lalititda and laagitudet are 

known, in to (rocd or loU /rom oni place to Iht ether, on a direct caurtt by the 

nornur'i m la, IhcJoUomhig mttlwdi must be laid : 

1. If the : OB be siluatedoQ the bbotb meridian, their difference of latitude will 

be Ihenei liatsnce between tbem in degrees, and the placGa will be exactly 

north and i nfem-.h nlhir, 

8. If th^ |,.-^,.» L.^ „.ii — .^ on the equal 
the ntaretl distance in degrees, and the plae 

3. If (be places dii both 't latitudes and longitudes, the distanee between 
them and the point of fs on which a person must sail or travel, from the 
one place to the otjier, ■ bund by Mtrc'ilor'i Sailing, as in navigation. 

4. If the places be - the b^ — latitude, they will be directly eaat and 
weet of each other; a ence ongitude, multiplied by the nnmberof 

miles which make a dt^ ^c ^tude, according to the following tables 

will give the distance. 

The foUewing table is colculal Jius is to the length of a degree upon 

the equator, as tbc co-sine of thi ^.. _^ ide is to the length of a degree in Uisl 

latitude. See this proportion illuBtrattu m KeUk'i Trigommutrii, page 296, fourth 
edition. 
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l>fig. 


Geog. 


English 


Deg. 


Geog. 1 Eglish 


Deg. 


Geog. 


English 
Mues. 


Lat. 


Miles. 


MUes. 


Lat. 


Miles. 


Miles. 


Tiat. 


Miles. 





60.00 


69.10 


31 


51.43 


59.23 


61 


29.09 


33.50 


1 


59.99 


69.09 


32 


50.88 


58.60 


62 


28.17 


32.44 


2 


59.96 


69.06 


33 


50.32 


57.95 


63 


27.24 


31.37 


3 


59.92 


69.01 


34 


49.74 


57.29 


64, 


26.30 


30.29 


4 


59.85 


68.93 


35 


49.15 


56.60 


65" 


25.36 


29.20 


5 


59.77 


68.84 


36 


48.54 


55.90 


66 


24.40 


28.11 


6 


59.67 


68.72 


37 


47.92 


55.19 


67 


23.44 


27.06 


7 


59.55 


68.58 


38 


47.28 


54.45 


68 


22.48 


25.89 


8 


59.42 


68.43 


39 


46.63 


53.70 


69 


21.50 


24.76 


9 


59.26 


68.25 


40 


45.96 


52.93 


70 


20.52 


23.63 


10 


59.09 


68.05 


41 


45.28 


52.15 


71 


19.53 


22.50 


11 


58.90 


67.83 


42 


44.59 


51.35 


72 


18.54 


21.35 


12 


58.69 


67.59 


43 


43.88 


50.54 


73 


17.54 


20.20 


13 


58.46 


67.33 


44 


43.16 


49.71 


74 


16.54 


19.05 


14 


58.22 


67.05 


45 


42.43 


48.86 


75 


15.53 


17.88 


15 


57.96 


67.75 


46 


41.68 


48.00 


76 


14.52 


16.72 


16 


57.68 


66 42 


47 


40.92 


47.13 


77 


13.50 


15.54 


17 


57.38 


66.08 


48 


40.15 


46.24 


78 


12.47 


14.37 


18 


57.06 


65.72 


49 


39.36 


45.33 


79 


11.45 


13.18 


19 


56.73 


65.34 


50 


38.57 


44.42 


80 


10.42 


12.00 


20 


56.38 


64.93 


51 


37.76 


43.49 


81 


9.39 


10.81 


21 


56.01 


64.51 


52 


36.94 


. 42.54 


82 


8.35 


9.62 


22 


55.63 


64.07 


53 


36.11 


41.59 


83 


7.31 


8.42 


23 


55.23 


63.61 


54 


35.27 


40.62 


84 


6.27 


7.22 


24 


54.81 


63.13 


55 


34.41 


39.63 


85 


5.23 


6.02 


25 


54138 


62.63 


56 


33.55 


38.64 


86 


4.19 


4.82 


26 


.53.93 


62-11 


57 


32.68 


37.63 


87 


3.14 


3.62 


27 


53.46 


61.57 


58 


31.80 


36.62 


88 


2.09 


2.41 


28 
29 


52.98. 


61.01 


59 
60 


30.90 


35.59 


89 
90 


1.05 


1.21 


52.48 


60.44 


30.00 


34.55 


0.00 


0.00 


30 1 


51.96 59.84 1 


Length of a degree 


69.1] 


English miles. 1 



PROBLEM X. 

A place being given on the globe, to find all places, which are situa- 
ted at the same distance from it as any other given place. 

Rule. Lay the graduated edge of the quadrant of altitude 
over the two places, so that the division marked o may be on one 
of the places, then observe what degree of the quadrant stands 
over the other place ; move the quadrant entirely round, keeping 
the division marked o in its first situation, and all places which 
pass under the same degree which was observed to stand over the 
other place, will be those sought. 

Or, Place one foot of a pair of compasses in one of the given 
places, and extend the other foot to the other given place : a circle 
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deieribed firom tUe first plade as a centre, with this extent, will 
pass thrDQi^ an the places sought 

If the dwUne* between the two fliTen placee ehoold exceed the leogth of Aa 
eoftdnntyortheeitentof a pair oTcompaaaee, etretch ft piece of tfaretd ov«r Aa 
nro pfaMM^ ee in the precediDg problem. 

EjLAMFhBM. L It is required to find an the places on the g^obe 
which are situated at the sanie distance from Lcmdon as Warsaw. 

•AuiNf. Koningibnrgy Bnda, Poeega, Alicent, Ice. 

2. What places are at the same distance from London as Pe- 

tersbunzhT 

3. TVIiat places are at the same-distance finomLondcm as Om- 

stantinople ? 
4 Wliat places are at the same distance from Rome as Madrid 7 



PROBLEM XI. 

Gwen the koiiude of a place and iUdiOmicefrom agwenflaee, to 
find Aatplace tohereqfthe latitude ugwetu 

Rule. If the distance be given in Ei^ish or geocrq>hical 

miles, turn them into degrees by dividing by 69| for flnglish miles, 
or 60 for geographical miles ; then put that part of the graduated 
edge of the quadrant of altitude which is marked o upon the given 
place, and move the other end eastward or westward (according 
as the required place lies to the east or west of the given place,) 
till the degrees of distance cut the given parallel of latitude : 
under the point of intersection you will find the place sought. 

Or, Having reduced the miles into degrees, take the same 
number of degrees from the equator with a pair of compasses, and 
with one foot of the compasses in the given place, as a centre, 
and this extent of degrees, describe a circle on the globe ; turn 
the globe till this chxle falls under the given latitude on the brass 
meridian, and you will find the place required. 

Examples. I. A place in latitude 60"" N. is 1320| English 
miles from London, and it is situated in E. longitude ; required 
the place. 

^answer. Divide 1320A miles by 69^ miles, or, which is the same thing, 8641 
htlf-miles by 139 half-miles, the quotient will give 19 degrees; hence the required 
place is Petersburg. 

2. A place in latitude 32^^ N. is 1350 geographical miles fix>m 
London, and it is situated in W. longitude ; required the place. 



[ 
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JkkMwer. Divide 1350 by 60 the quotient is 22o 30^, or 22 1-2 degrees ; hence the 
leqnired place is the west point of the Island of Madeira. 

3. What place, in e. longitude and 4Pn. latitude, is 1520 Eng- 
lUi miles from London ? 

4. What place in w. longitude and 13° n. latitude, is 3660 geo- 
graphical miles from London ? 



PROBLEM Xll. 

Owen the longitude of a place and its distance from a given places 
to find that place whereof the longitude is given, 

. Rule. If the distance be given in English or geographical 
miles, turn them into degrees by dividing by 69. 1 for English miles, 
or 60 for geographical miles ; then put that part of the graduated 
edge of the quadrant of altitude which is marked o upon the given 
place, and move the other end northward or southward (accord- 
ing 89 the required place lies to the north or south of the given 
[dace), till the degrees of distance cut the given longitude : under 
the point of intersection you will find the place sought. 

Or, Having reduced the miles into degrees, take the same 
number of degrees from the equator with a pair of compasses,. 
and with one foot of the compasses in the given place, as a cen- 
tre, and this extent of degrees, describe a circle on the ^lobe ; 
bring the given longitude to the brass meridian, and you will find 
the ^ace, upon the circle, under the brass meridian. 

Exabiples. I. A place in north latitude, and in 60 degrees 
west longitude, is 4215 English miles from London ; required 
the place. 

Jbuwer, Divide 4215 by 69.1 the quotient is nearly 61 degrees; hence the re- 
* {dace is Barbadoes. 



3. A place in north latitude, and in 75 J degrees west longitude, 
IB S120 geographical miles from London ; what place is it ? 

3. A place in 31^ degrees east longitude, and situated south- 
waid of London, is 2211 EngUsh miles from it; required the 
place. 

4. A place in 29 degrees east longitude, and situated south- 
ward of London, is 1520 English miles from it; required the 
place. 



PROBLEMS PEHTORMED BY 



PROBLEM XIII. 



To find htm many miles make a degree of longitude in any given 
parallel of latitude. 

RoLB. Lay the quadrant of altitude parallel to the equator, 
between any two meridians in tht3 given latitude, which difTtir in 
longitude 15 degrees* ; the number of degrees intercepted be- 
tween them multiplied by 4, will give the length of a degree in 
geographical miles. The geographical miles may he converted 
into Ei^lish miles by multiplying by 69.1 and dividing by 60, 

Or, Take the distance between two meridians, which differ in 
longitude 15 degrees in the given parallel of latitude, with a pair 
of compasses : apply this distance to the equator, and observe 
how many degrees it makes : with which proceed as above. 

since the qundrant of alliludo will rnenaure no arc troly bul that of a great cir- 
clo; and a paii of compasees will odI; mcasuro tho t-Lord of on ate, ool the arc 
itBelfj it fullowa that the preceding rule cunnut be ■nBthematicoJi^ true, though 
BuSciontly correct lor pmctical purposea. When great eiHctnees 13 required, re- 
course must be had lo calculation. See the table in tbe note lo problem DC 
page 137. 

The above rale U founded on a BuppoBition that the □amber of degrees contained 
between any two meridians, reckoned on the equator, is to the number of degrees 
coDtained bctveen the same meridians, on any parallel of latitude, aa the number 
of geographical miles conlsined in one degree on tiie ei)ualar, is to the number of 
geograpliical miles contained in one degree on tho given parallel of latitude. Tliua 
in the Inlitudc nf London, Ino places which difier 15 dcgreea in longitude, aj-e 91 
degiecB dialanl by the rule, ilence I:>° : 9j : : 6iJm. : 37in., or 15° ; 60m - ■ 9] • 
37 m., but 15 ate to 60 aa 1 to 4, therefore, 1 ; 4 : r 9^ : 37 geograpliical milea 
contained in one degree. 

Examples. I. How many geographical and English miles 
make a degree in the latitude of Pekin ? 

^wnetr. The latitude of Pekin is 40» north ; the dietanee between two merid- 
ians in that latitude (whieh differ in longitude IS degrees) is I Ij degrees. Now lU 
decrees multiplied by 4, ptoduoBB 46 geographical miles for the length of a detn-ee 
oflongitude.inCbalatitudeofPekin; and multiply ing 46 by 69.1, and dividiosbr 
60, the quotient is 5S.97 Enghsh miles. j e j e j 

2. How many miles make a degree in the parallels of latitude 
wherein the following places are situated 7 

Surinam Washington Spitzbergen 

Barbadoes Quebec Cape Vertl 

Havannah Skalholt Alexandria 

Bermudas North Cape Paris. 

• The maridtang on C*bt's largt globes are dtawn thjongh every fm dtrrte*. 
herulBw,ll»r,»w„,f„r.i.™ "i"'.-^, by readmg 10 degrees Tor 16d««re^(Uid 
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PROBLEM XIV. 

To find the hearing of one place from anothsT. 

Rule. If both the places be situated on the same parallel of 
latitude, their bearing is either east or west from each other ; if 
they be situated on the same meridian, they bear north and south 
firom each other : if they be situated on the same rhumb-line,* 
that rhumb-line is their bearing ; if they be not situated on the 
same rhumb-line, lay the quadrant of altitude over the two places, 
and that rhumb-line which is nearest of being parrallel to the 
quadrant will be their bearing. 

Or, If the globe have no rhumb-lines drawn on it, make a 
small mariner's compass {such as in Plate I. Fig, 4.) and apply 
the centre of it to any given place, so that the north and south 
points may coincide with some meridian ; the other points will 
show the bearings of all the circumjacent places, to the distance 
of upwards of a thousand miles, if the centrical place be not far 
distant from the equator. 

Exabiples. 1. Which way must a ship steer from the Lizard 
to the island of Bermudas ? 

Amww. W. S. W. 

2. Which way must a ship steer from the Lizard to the island 
of Madeira? 

Answer. S. S. W. 

3. Required the bearing between London and the following 
places: 

Amsterdam Copenhagen Petersburg 

Athens Dublin Prague 

Bei^n Edinburgh Rome 

Berun Lisbon Stockholm 

Berne Madrid Vienna 

Brussels Naples Warsaw 

Buda Paris. 



* On Adams' globes there are two compasses drawn on the equator, each point 
of which may be called a rhumb-line, being drawn so as to cut all the meridians 
in equal angles. One compass is drawn on a vacant place in the Pacific ocean, 
between America and New-Holland; and another, in a similar manner, in the 
Atlantic between Africa and South Ameiica. There are norhumb-lines on Cart's, 
Bardui'Si or Addison's globes. 
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PROBLEM XV. 

To find the angle qf position between twoplaees. 

Rule. Elevate the north or south pole, accordnig as the lati* 
tode is north or south, so man^ degrees above the horisoo as aie 
equal to the latitude of one of the given places ; bring that jdaoe 
to the brass meridian, and screw the quadrant of altitude upon the 
decree over it ; next move the quadrant till its graduated eftoe 
&m upon the other place ; then the number of degrees cm m 
wooden horizon, between the graduated edse ci the qnedrant 
ami the brass meridian, reckoning towards ue elevateci pole» is 
the angle of position between the two places. 

EzAMPLBs. 1. What is the angle of position between Lcmdon 
andftagueT 



Jbuwer, 90 degrees from the north towards the east: the qaadnmt of 
will fiJl upon the east point of the horizon, and pass over or near the ft _ 

places, m. Rotterdam, rankfort, Cracow, Ockzakov, CalBk, aontii pait of Iha CSb»- 
pian Sea, Guzerat in India, Madras, and part of the island of Oayno. H—oft aU 
these places have the same angle of position from London. 

2. What is the angle of position between London and Port 
Royal in Jamaica ? 

•Snsvjer. 90 degrees from the north towards the west ; the quadrant of altitude 
will fall upon the west point of the horizon. 

3. What is the angle of position between Philadelphia and 
Madrid ? 

Jlnswer. 65 degrees from the north towards the east; the quadrant of altitude 
will fall between the E.N.E. and N.E. by E. points of the horizon. 

4. Required the angles of position between London and the 
following places : 

Amersterdam Copenhagen Rome 

Berlin Cairo Stockholm 

Berne Lisbon Petersbui^ 

Constantinople Madras Quebec. 

The preceding problem has been the occasion of many disputes among writers 
on the globes. Some suppose the angle of position to represent the true bear- 
ing of two places, viz. tkat point of the compass upon which any person must am" 
stonily sttU or traoelf from the one place to the other; while others contend that 
the angle of position between two places is very different from their bearing by 
the mariner's compass. We shall here endeavour to set the matter in a ^ear 
pmnt of view. The following figure represents a quarter of the sphercL stereo^ 
graphically projected on the plane of the meridian with the half meridians and 
parallels of latitude drawn through every ten degrees ; p represents the iiofth 
pcdc^ and e Q a portion of the equator. Now, by attending to the maimer of 
finding' the angle of position, as laid down in the l^egomg problem, we sImU 
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find that the quadrant of nlfiluiJe ataays fima Iht bait of a aphericBl Iriiotglt, Hit ttno 
Ma of which Iriangli art the complemmta of the laliludet of the Ivop'atta, and tht vtr. 
Heal angle it their digerence of hmgUudt. The anglaa nt the base of this triangle 
Bie the anglea of position between the two places. 

I. When the two plitets art lUualed on the same paraUel qf Mitadt. 

Let two placee l and o be situBted in latitude S0° 
lorth, and diflering in laneitude 48° Siy, which will 
MtH; correnpond with ihe Land's End and the 

. 4aiteni coaat of Newfoundland (ite the nolt to Prvb. 

. IX) ; then of and LP will be each 40 degrees, the 
•Ogle OPL, measured by the arc le q, will be 46 SO* ; 
Whence the arc of nearest dieUnce o n L may be 
feand (by case III page 245, Ktith'a Trigmuimetry) 
being 30° 39* 6", ihe angle plo equal to pol, Ihe 
Iriangte being isosceles, is 70 IS' 30" ; and if n be 
the middle point between l and o, the latitude of '/ 
tlutt potnl will be found to be 53° 37' north, and the 
angles rnt and rn o will be right angles. Now, 
if an indelinile number of points be taken along the 
edge of ihequadtanlof allilude, viz, on Ihe arc l n o, the angle of jiiwition between 
1, and each of these points will be N. TO 49' 30 ' W. ; bat, if it were possible for 
a ship to Bail along the arc i. n o, by the compass, her latitude would gradually in- 
crease between l and n, from 50 N. to 53 37' N. ; and the courses she must aleer 
woald vary from 70 49' 30 ' at l, to 91)° at n. In sailing from n to o, she must de- 
crease her latKude from 53» 37' N. to S0» N and her courses must vary from 90», 
or directly west, to 70 49- 30" ; but, if a ship were to sail along the parallel of lat- 
itude L m o, her course would be invariably due west. Hence it follows that, if 
two places be uluated on Ihe same parallel of latitude, the angle of position be- 

CoROLLARi. If the two places were situated on the equator as at w and tt, Ihe 

u at M, would be 90 degrees. In this case, therefore, and in this only, the angle of 
position shows the true bearing by the compass. 

S- If tht tatplacad^erbothinlttlilttdaand longituda. 

Let I. represent a place in latitude 50° N.; ■ a place in latitude 13° 30' N. and 
let their difference of lonplude bfl, measured by llie arc 6 n, be 53^ 5S'. The an- 
gle of position between l and b (calculated by spnerical trigonometry) will be found 
to be S. 68° 57' W. and the angle of position between a and L will be N. 38 6' E., 
whereas, the direct course by the compass from l to b, icalculated by .WnTalor'i 
- "■ ■) is S. 50» 6' W., and Irom b to l it is N 60° fr E. If we assume any oum- 
points on the arc l b, the angle of position between l and each of these 
s will be invariable ; viz. pl«, pi.(,pi.s, plj, plt, &c. are each equal to 
■7'; while the angle of position between each of these places and L. viz. p o L, 
p y L, p J L, F r L, &c. are conlinually diminishing, 
lil from L, o "" . . ■ 

(wo placti caanol reprtstnt tht btttralg, ernpl 
the iome meridian. 
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PROBLEM XVI. 



y 



Th^find the Antceci, Peria-ci, and Jlntipodes to Ote inliabUanU of 
anyplace. 

Riii,». Place the two poles of the globe in the horizon, and 
bring the given place to the eastern part of the horizon ; then, if 
Ae given place be in north latitude, observe how many degreea 
ttia to the northward of the east point of the horizon ; the same 
nninber of degrees to the southward of the east point will show 
toa Antceci ; an equal nnmber of degrees, counted from the west 
pmni of the horizon towards the north, will show the PeritEci; 
and the same number of degrees, counted towards the south of 
theivcst, will point out ihe Antipodes. If the place be in south 
latitude, the same rule will serve by reading south for north and 
the contrary. 
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lihr the Atdaci. Bring the given place to the brass merit 
and observe its latitude, then in the opposite hemisphere, under 
the same degree of latitude, you will find the Antreci. 

For the Pp.ritEci. Bring the given place to the brass meridian, 
and set the index of the hour circle to 12, turn the globe half 
round, or till the index points to the other 13, then under the lat- 
Hude of the given place you will find the Perioeci. 

For ihe Antipodes. Bring the given place to the brass merid- 
ian, and set the index of the hour circle to 12, turn the globe half 
round, or till the index points to the other 12, then under the same 
degree of latitude with the given place, but in the opposite hem- 
isphere, you will find the Antipodes. 

Examples. 1. Required the Antceci, Periosci, and Antipodes 
to the inhabitants of the island of Bermudas. 

.Mnmer, Their Antceci ars Biluated in Paraguay, a little N.W. ofBaenoB Ajres ; 
their Periceci in China, N, W. of Nankin ; and their Anlipodas in the S, W. part 
of New Holland. 

2. Required the Antceci, Perioeci, and Antipodes to the inhab- 
itants of the Cape of Good Hope. 

3. Captain Cook, in one of his voyages, was in 50 degrees 
south latitude and 180 degrees of longitude ; ia what part c^ 
Europe were his Antipodes f 
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4. Required the Antoeci to the inhabitants of the Falkland 
islands. 

5. Required the Perioeci to the inhabitants of the Phillipine 
islands. 

6. What inhabitants of the earth are Antipodes to those of 
Buenos Ayres ? 

PROBLEM XVII. 

To find at what rate per hour ike inhabitants of any given place 
are carried^ from west to east, by the revolution of the earth 
on its axis. 

Rule. Find how many miles make a degree of longitude in 
the latitude of the given place (by Problem }UII.) which multiply 
by 15 for the answer.* 

Or, look for the latitude of the given place in the table, Prob- 
lem IX., against which you will find the number of miles contain- 
ed in one degree ; multiply these miles by 15, and reject two fig- 
ures from the right hand of the product ; the result will be the 
answer. 

Examples. 1. At what rate per hour are the inhabitants of 
Madrid carried from west to east by the revolution of the earth 
on its axis ? 

Jinawer* The latitude of Madrid is about 40<» N. where a degree of longitude 
measures 46 geographical, or nearly 53 English miles (see EzampTe I. Prob. SCIII.) 
Ifow 46 multiplied by 15 produces 690; and 53 multipled by 15 produces 795; 
hence the inhabitants of Madrid arc carried 690 geographical, or 795 English miles 
per hour. 

By the Table. — ^Against the latitude 40 you will find 45*96 geographical miles, 
and 52-87 English miles ; hence, 45-96 X 15=689-40 and 52-87 X 15=793-05, and 
thus the required results are 639 geographical or 793 English miles. 

Note. The answers found by this rule should be augmented by the 360th part 
to have the solution accurate, l>ecause the earth by its rotation on its axis describes 
one complete revolution and nearly one degree besides, in the space of a mean solar 
day: hence the preceding results should be increased by two miles nearly, and thus 
the oorrect answer 691 geographical or 795 English miles. 

1. At what rate per hour are the inhabitants of the following 
places carried from west to east by the revolution of the earth on 
Its axis? 

Skalholt Philadelphia Cape of Good Hope 

Spitzbergen Cairo Calcutta 

Petersburg Barbadoes Delhi 

London Quito Batavia, 

* The reason of this rule is obvious, for if m be the number of miles contained 
in a degree, we have 24 hours : 360^ X ra* • • 1 ^o"' • the answer ; but, 24 is con- 
tained 15 times in 360 ; therefore 1 hour : 15 X m. : : 1 hour ; the answer; that is, 
on a supposition that the earth turns on its axis from west to east in 24 hours ; but 
we have before observed that it turns on iu axis in 23 hours 56 min. 4 lec which 
wUl make a smaJl difierence not worth notice. 



MeAjpccief kn^mde: if ikere be aremsioderafier divkB^ 
Ef 4, m^Bfif it tn- 60, and divide Ike prodad by foar. the qno- 
MM «4 be HBates or oifea of InngiiMk. Tbe diSereoce of 
■Ba ibe required places being 
d ptaces be earlier than 
Aehivai AegmapiwMbe le tfa ie d places lie so many de- 
Mca IB the iM tai wai J of ike givca plaDe as are equal to the dif- 
nmeeaf ha^tirie: if ike kov « Ae teqancd ^ces be later 
ttaa tke kow at Ae pvcn ptaee, Ike »(|Bii«d pUccs lie so many 
deerces to ike eastward of Ike gnen place as are equal to the 
di^ii ^li,itiali 

Eujnua. L Wlm it-n m 



1 al LoodoD, at what place is 



.^mr. naAS^antflaaatiiliiialHiii, lktpnaphee,uidtiiereiimred 
■Ji w^ itMh— a.Mi**»>—«Hh« ir |M n i pfa» b wfin- Unn tlra.1 at L«n- 
^; Ifc L iT «lt«w|M «J |ih »« ifc>ih—i wCTtroJofLMJoii: coineii<fmil- 

thr >—giK Lmjii ■• Ac faMi Mmiin, BsUiac the lafci Is IS, mod htniing 
tfi*tMW«»rft>lbadakMrn«4 onr 31 hMn; d ll» rejoired place* 
«a Iv Mfcr Ac knaa ■«&■, ■> Ae cuUn OMl of KevfiMiidhai^ Csnaoe, 

Ok. TW m Vti W Ibc >Mw t— L obJi^ Iki firaa phe^ and Hw requited 



Hm«, ill pii«s 3iiuifd in ii" 30" wesl longitude 

5*^^ — 1 froci Lf-ndon. »rf [he pUces sought, and will be found 

A) to b« Ciieiuw, &C. u aboTe. 

30 m. 

2. When it is tvro o'clock in tbe alierDOon at London, at what 
[Jace is it j paM five to ibe afternoon ? 

Janm-. Htn tbr dideratc^ of Dme betireen London, the giTen place, and the 
mguirnl plan«, o SJ )»ar< ; bat the time al the reqoired places is UUrr than at 
Liwk'ti. Tbe DfWTBtioa irdl be tbe same as m example 1, only the ^obe must be 
lariKil ii bnuH i><wanls ibe west, herau^ the required places irill be in east iongi- 
t»ile, « MJiwanJ o«" ibe pten place. Tbe placo sought are the Caspian Sea, 
Wteteni fait of >'ova Zembla, the islaad ot^Socstja, eaatem part oTMadagaacar, &c. 

3. When it is | past four in tbe aAemoon at Paris, where is it 
Doon f 

4. ^Vhen it is { past seven in the morning at Ispahan, where is 
it Doon f 

5. When it is noon at Madras, where is it j past six o'clock in 
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6. At sea in latitude 40° north, when it was ten o'clock in the 
morning by the time-piece, which shows the hour at London, it 
was exactly nine o'clock in the morning at the ship, by a correct 
celestial observation. In what part of the ocean was the ship ? 

7. When it is noon at London, what inhabitants of the earth 
have midnight ? 

8. When it is ten o'clock in the morning at London, where is 
it ten o'clock in the evening ? 



PROBLEM XX. 

To find the surCs longitude {commxmly called the surCs place in the 

ecliptic) and his declination. 

Rule. Look for the given day in the circle of months on the 
horizon, against which, in the circle of signs, are the sign and 
degree in which the sun is for that day. Find the same si^n 
and degree in the ecliptic on the surface of the globe ; bring the 
degree of the ecliptic, thus found, to that part of the brass merid- 
ian which is numbered from the equator towards the poles, its 
distance from the equator reckoned on the brass meridian, is the 
sun's declination. 

This problem may be performed by the celestial globe, using the 
same rule. 

Or, by the analemma.* 

Bring the analemma to that part of the brass meridian which is 
numbered from the equator towards the poles, and the degree on 
the brass meridian, exactly above the day of the month, is the 
sun's declination. Turn the globe till a point of the ecliptic, cor- 



* The Analemma is properly an orthrographic projection of the sphere on the 
^ne of the meridian ; out what is called the Analemma on the globe is a narrow 
slip of paper, the length of which is equal to the breadth of the torrid zone. It is 
pasted on some vacant place on the globe in the torrid zone, and is divided into 
months, and days of the months, corresponding to the sun's declination for every 
day in the jear. It is divided into two parts ; the right-hand part begins at the 
winter solstice, or December 21st, and is reckoned upwards towards the summer 
solstice, or June 21st, where the left- hand part begins, which is reckoned down- 
wards in a similar manner, or towards the winter solstice. On Cart's globes the 
Analemma somewhat resembles the figure 8. It appears to have been drawn in 
this shape for the convenience of shewing the equation of time, by meins of a 
Btraigfat line which passes through the midme of it. The equation of time is placed 
on tSe hornon of oardim's gloMs. 



PBOBLEMS rSKFOBHED ST 



Pmm. I 



> llw d»y of ihe inonlh. passes under the degree of I -^ 
Ibe suuV i]««titMt)oiL that point vni\ be the sun's longiiiide ot ' 
nttrr tiv Ibe ci««a (lay. If llie sun's declination be norlA, and { 
NKffeaaiii^. ibc Mn'« lon^tode will be somewhere between Aries 
hrI t'anctr. If the dedinaiioa be decreasing, the longitude will 
k* b rt w e t a Cuc«r and Libra. If ilie sun's declination be soutft, 
0IK llw tm>\ k«i£iludc wilt be between Libra and 
CMwkw. if ll» decfantioa be decreasing, the longitude will ' 
lit^tww Cafncan tad Xms, 



_ ; ihey tre likewiac gi»en in 

RvvwruBk 1. WW is tbe su'slcM^ttHle and declination on 

A Ittyiwd ^ sxn'c pha and dedualioa for the following 

JlNHMrv itl. I N«y IS. 
V^favwrr T. June U. 

Mwttk il I Jotv II. 
AfrilS. AqgML 



September 9. 
October 16. 
November 17. 
December L 



VKOELEM XXI. 

tV t^'.ft^ :.^' i-X-i^ (■» A- sCTw situ<.iCivn with respect to the 
st\, >i.\- L-*' n^ri w jf ,'.V K*iHM>5,cs. (1/ (Af dimmer solstice, 
aW k« -'V >v»vr»:K !a.iisni"K, ««.( t^ertbt/ to shtMc the compar- 

I. V\>K 'VUK Ktit iMtxiai. Place the two poles of the globe in 
(W tkv-UNit ; Ivur M ibts linto ihe suu has no declination, being 
ill iW i:\tuttKH.-l)«l lit ibt' bfavt-us. which Ls an imaginary line 
KlAtKtuu \^'HK«1I> o^-^r the iiiiiitvif on the earth. Now, if we 
nMfkiHw iIk' smu tv> b(' li\cti> ai a i-vuistdcnd>le distance from the 
gKJH\ \vHK\*lly ^'\cr ihai jx>iiu >.'t' iho brass meridian which is 
uwii\'^l t\ii i»t'\ivkiilltk(t ihfwixxk'u horiioo will be (he bound- 
wy v>t %hi tutsl tlHt-kut-ss -.^i ibt- irk^bc. and that the upper hem- 
iaphi'iv will ln> fulLj;ht(iH\i IrvHu [xJc ti.> pi»lo. 
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Meridians, or lines of longitude, being generally drawn on the 
globe through every 15 degrees of the equate r, the sun will op- 
parendy pass from one meridian to another in an hour. If you 
Driog the point Aries on the equator to the eastern part of the ho- 
rizon, the point Libra will be in the western part thereof; and the 
sun will appear to be setting to the inhabitants of London^ and 
to all places under the same meridian : let the globe be now 
turned gently on its axis towards the east, the sun will appear to 
move towards the west, and, as the different places successively 
enter the dark hemisphere, the sun will appear to be setting in the 
west. Continue the motion of the globe eastward, till London 
comes to the western edge of the horizon ; the moment it emerges 
above the horizon, the sun will appear to be rising in the east. 
If the motion of the globe on its axis be continued eastward, the 
sun will appear to rise higher and higher, and to move towards 
the west ; when London comes to the brass meridian, the sun 
will appear at its greatest height ; and after London has passed 
the brass meridian, he will continue his apparent motion west- 
ward, and gradually diminish in altitude till London comes to the 
eastern part of the horizon, when he will again be setting. Du- 
ring this revolution of the earth on its axis, every place on its 
sunace has been twelve hours in the dark hemisphere, and twelve 
hours in the enlightened hemisphere ; consequently the days and 
nights are equal all over the world ; for all the parallels of lati- 
tude are divided into two equal parts by the horizon, and in eve- 
ry degree of latitude there are six meridians between the eastern 
part of the horizon and the brass meridian ; each of these me- 
ridians answers to one hour, hence half the length of the day is 
six hours, and the whole length twelve hours. 

If any place be brought to the brass meridian, the number of 
degrees between that place and the horizon (reckoned the near- 
est way) will be the sun's meridian altitude. Thus, if London be 
brought to the n^eridian, the sun vrill then appear exactly south, 
and its altitude will be 38i degrees ; the sun's meridian altitude 
at Philadelphia will be 50 degrees ; his meridian altitude at Quito 
90 degrees ; and here, as in every place on the equator, as the 
riobe turns on its axis, the sun will be vertical. At the Cape of 
Good Hope the sun will appear due north at noon, and his alti- 
tude will be 55^ degrees. 



♦The meridian of London is here supposed to pass through the equinoctial 
point Aries, on the best modern globes. 
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the length of the day will be determined in that latitude, the 
double of which is the length of ^e d^r* 

1. In the parallel of 20 d€ jgi#'u DOitfa latitude, there are six 
^ meridians and two thirds more, JKiine the longest day is 13 hours 
i' and 20 minutes ; and, in the paraUd of 20 degrees south latitude, 
f there are five meridians and one third, hence the shortest day in 
I that latitude is 10 hours and 40 minutes. 

3, In the parallel of 30 degrees north latitude, there are seven 
meridians between the horizon and the brass meridian, hence the 
longest day is 14 hours ; and in the same degree of south latitude 
there are only five meridians, hence the shortest day in that 
htitude is ten hours. 

3. In the parallel of 50 degrees north latitude there are eight 
meridians between the horizon and the brass meridian ; the 
longest day is therefore sixteen hours ; and in the same degree of 
south latitude, there are only four meridians ; hence the shortest 
day is eight hours. 

4. In the parallel of 60 degrees north latitude, there are 9J 
meridians from the horizon to the brass meredian, hence the 
longest day is 18| hours ; and in the same degree of south latitude, 
there are only 2| meridians, the length of the shortest day is 
dierefore 5^ hours. 

By turning the globe gently round on its axis from west to east, 
we shall readily perceive that the sun will be vertical to all the 
mhabitants under the tropic of Cancer, as the places successively 
pass the brass meridian. 

If any place be brought to the br^ss meridian, the number of 
degrees between that place and the horizon (reckoned the nearest 
way) will show the sun's meridian altitude. Thus, at London, 
the sun's meridian altitude will be found to be about 62 degrees; 
at Petersburgh 64J degrees, at Madrid 73 degrees, &c. To the 
inhabitants of these places the sun appears due south at noon. At 
Madras the sun's meridian altitude will be 79J degrees, at the 
Cape of Good Hope 32 degrees, at Cape Horn lOj degrees, &c. 
The sun will appear due north to the inhabitants of these places 
at noon. If the southern extremity of Spitzbergen, in latitude 
76J north, be brought to that part of the brass meridian which 
is numbered from the equator towards the poles, the sun's 
meridian altitude will be 37 degrees, which is its greatest altitude ; 
and if the globe be turned eastward twelve hours or till 
Spitzbergen comes to that part of the brass meridian which is 
numbered from the pole towards the equator, the sun's altitude 
will be ten degrees, which is its least altitude for the day given in 
tt)^ problem. It was shown, in the foregoing part of the problem, 
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ihnl. wlicn ll.e sun \s *crtifiilly "»er "itie eqiialor in the vernal 
«4)ainoii. the north |»<)lc bt^giiut li> be enlightened, cniisequently 
the ratlliei B sua a(ipan:D(ly pnfceuijs in ils f»)urse northwani, 
U>c more • li^ will lie difTustM nver the mirth polar regiom, 
and the » will ii|^>ear gradually to increiise in altitude at the 
north pole I the 'ilst of June, wt>en hi^^ greatest height is ^J 
degre4.'g ; In. will then gnidually diminish in height till the "JSii of 
8.'plutab<T, iJe limeuf the autumnal equinox, when he will leave 
the north pole, imd proceed towards the south; consequeatly 
the suD has been visible at the north jx>le for six months. 

3. Fob thb Wimter Solstice.- The winter solstice, to the 
inhabitants of north latitude, happens on the 2Ist of December, 
when the sun enters Capricorn, at which time his declination is 
^-2S south. Elevate the south pole '23^ degrees above the 
southern point of the horizon, bring the sign of Capricorn in the 
ecliptic to the brass meridian, and over that degree of the brass 
meridian under which this sign stands let the sun be supposed to 
b€ lixed at a considerable distance from the globe- 
Here, as at the summer solstice, the day? at the equator will be 
twelve hours long, but the equinoctial point Aries will be in the 
eastern part of the horizon, and Libra in the western. From the 
equator southward, as far as the Antarctic circle, the diurnal arcs 
will exceed the nocturnal arcs. All the parallels of latitude 
within the Antarctic circle will be wholly nbove the horizon. 
From the equator northward, the noclumriJ arcs will exceed the 
diurnal arcs. All the parallels of latitude within the Arctic circle 
will he equally below the horizon. The inhabitants south of the 
equator will now have their longest day, while those on the north 
of the equator will have their shortest day. 

As the g'obe turns on its axis from west to east, the sun will 
be vertical successively to all the inhabitants under the tropic of 
Capricorn. By bringing any place to the brass meridian, and 
finding the sun's meridian ahitude (as in the foreijoing part of the 
problem), the greatest altitudes will be in south latitude, and the 
least in the north ; contrary to what they were before. Thug, at 
London, the sun's greatest altitude will be only 1.^ degrees, instead 
of tJ2 ; and its greatest altitude at Cape Horn will now be 57J 
degrees, instead of lOJ, as at the summer solstice ; hence it appears 
that the difference between the sun's greatest and least meridian 
ahitude at any place in the temperate zone, is equal to the breadth 
of the torrid zone, viz. 47 degrees, or more correctly 46= Sfr. 
On I he 'iSd of September, when the sun enters Libra, that is, at 
the time of the autumnal equinox, the south pole begins to be 
enlightened, and, as tbeBiia'B declination increases southward, he 
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will shine farther over the south pole, and gradually increase in 
ahitude at the pole ; for, at all times, his altitude at either pole is 
equal to his declination. On the 21st of December, the sun will 
have the greatest south declination, after which his altitude at the 
south pole will gradually diminish as his declination diminishes ; 
and on the 21st of March, when the sun's declination is nothing, 
be will appear to skim along the horizon at the south pole, and 
likewise at the north pole ; the sun has therefore been visible at 
the south pole for six months. 



PROBLEM XXII. 

-lo place the globe in the same situation, with respect to the 
PoLAH 8tar in the heavens, as our earth is to the inhabitants of 
the equator J ^, viz, to illustrate the three positions of the sphere^ 
KiOHT, PARA.LLEL and OBLIQUE, SO as to show the comparative 
length of the longest and shortest days.^ 

1. For the Right Sphere. The inhabitants who live upon 
the equator have a right sphere, and the north polar star appears 
always in (or very near) the horizon. Place the two poles of the 
globe in the horizon, then the north pole will correspond with the 
north polar star, and all the heavenly bodies will appear to revolve 
round the earth from east to west, in circles parallel to the equi- 
noctial, according to their different declinations : one half of the 
starry heavens will be constantly above the horizon, and the other 
half below, so that the stars will be visible for twelve hours, and 
invisible for the same space of time ; and, in the course of a year, 
an inhabitant upon the equator may see all the stars in the 
heavens. The ecliptic being drawn on the terrestrial globe, young 
students are often led to imagine that the sun apparently moves 
daily round the earth in the same oblique manner. To correct 
this false idea, we must suppose the ecliptic to be transferred to 
the heavens, where it properly points out the sun's apparent an* 
nual path amongst the fixed stars. The sun's diunial path 
is either over the equator, as at the time of the equinoxes, or in 



* In this problem, and in all others where the pole is elevated to the latitude of 
a given place, the earth is supposed to be fixed, and the sun to move round it from 
east to west. When the eiven place is brought to the brass meridian, the wooden 
horizon is the true rationu horizon of that place, but it does not separate the en<* 
lightened part of the globe fifom the dark part, as in the preceding problem. 
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libra, he will again appear to skim along the edge of the horizon, 
•Ber which he will totally disappear, having been above the ho- 
noQ for six months. Though the inhabitants at the north pole 
will lose sight of the sun a short time after the autumnal equinox, 
|et the twilight will continue for nearly two months ; for the 
m will not be 18° below the horizon till he enters the 20th of 
fioorpio, as may be seen by the globe. 

After the sun has descended 18"^ below the horizon, all the stars 
in the northern hemisphere will become visible, and appear to 
kave a diurnal revolution round the earth from east to west, as 
the sun appeared to have when he was above the horizon. These 
stars will not set during the winter half of the year ; and the 

£lanets, when they are in any of the northern signs, will be visi- 
le. The inhabitants under the north polar star have the moon 
constantly above their horizon during fourteen revolutions of the 
65Ulh on its axis, and at every full moon which happens, from the 
^^Sd of September to the 21st of March, the moon is in some of 
*he northern signs, and consequently visible at the north pole ; 
^r the sun being below the horizon at that time, the moon must 
^ above the horizon, because she is always in that sign which is 
diametrically opposite to the sun at the time of full moon. 

When the sun is at his greatest depression below the horizon, 
lieing then in Capricorn, the moon is at her First Quarter in 
Jkries : Full in Cancer ; and at her Third Quarter in Libra : 
and as thd beginning of Aries is the rising point of the ecliptic. 
Cancer the highest, and Libra the setting point, the moon rises at 
her First Quarter in Aries, i^ most elevated above the horizon, 
and Full in Cancer, and sets at the beginning of Libra in her 
Third Quarter ; having been visible for fourteen revolutions of 
tiie earth on its axis, viz. during the moon's passage from Aries to 
Libra. Thus the north pole is supplied one half the winter time 
* with constant moonlight in the sun's absence ; and the inhabit- 
ants only lose sight of the moon from her Third to her First 
Quarter, while she gives but little light, and can be of little or 
no service to them. 

3. For the Oblique Sphere. — ^Whenever the terrestrial 
globe is placed in a proper situation with respect to the fixed 
stars, the pole must be elevated as many degrees above the hort- 
xon as are equal to the latitude of the given place, and the north 
pole of the globe must point to the north polar star in the heavens ; 
for in sailing, or travelling from the equator northward, the north 
polar star appears to rise higher and higher. On the equator it 
will appear in the horizon ; in ten degrees of north latitude it will 
be ten degrees above the horizon ; in 20" of north latitude it 
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Mil the places on the globe above the hori- 

i'liuns which pass through the east and west 

•foiling lowards the north, are in darkness, not- 

^ arc above the horizon: and all places belovir 

" < lay-light, notwithstanding they are below the 

PROBLEM XXIII. 

V/ and day of the month being given, to find all places 
rarth wliere tJie sun is vertical on that day; those places 
' the sun does not set^ and tlwse places where lie does not 
' on lite given day. 

Rule. Find the sun's declination (by Problem XX.) for the 
^ivcn day, and mark it on the brass meridian ; turn the globe 
round on its axis from west to east, and all the places which pass 
under this vodxk will have the sun vertical on that day. 

Secondly. Elevate the north or south pole, according as the 
^UD'g dedination is north or south, so many degrees above the 
poriwm as are equal to the sun's declination : turn the globe on 
'^9 axis from west to east ; then, to those places which do not 
^^Bcend below the horizon, in that frigid zone near the elevated 
S^^de, the sun does not set on the given day : and to those places 
^Vhich do not ascend above the horizon, in that frigid zone ad- 
J^^niog to the depressed pole, the sun does not rise on the given 

Qb, BT the AlfALEMMA. 

^ ^3rfDff .the analemma to that part of the brass meridian which 
IB nambered from the equator towards the poles, the degree di- 
rectly above the day of the month, on the brass meridian, is the 

' son's declination. Elevate the north or south pole, according as 
the sun's declination is north or south, so many degrees above the 
horizon as are equal to the sun's declination ; turn the globe on 
its axis firom west to east, then to those places which pass under 
the son's declination, on the brass meridian, the sun will be ver- 
tical ; to those places (in that frigid zone near the elevated pole) 
which do not go below the horizon, the sun does not set : and to 

. those places (ui that frigid zone near the depressed pole) which 
do not come above the horizon, the sun does not rise on the 

mvtn day. 

27 
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ae n aiiiiu:** w t*v; iaiiturJc iiKTt'uniMi. tver^ iin a hnant 
-ara. -tXi-.^cr ::*>'; %»Ik/ livf? iipt»n the equaur. \r rsiacrly- 
\3fc Tfir:i pr/t^ir *tar, h.'JH (111 olilujiic; K|)}icTe, viz. tie iquazor 
ly^ \tirz(*u 'AtU*\u»z\y. \\y rliiviitiii^and dejireisHnu tie poles.! 
«:*-':ni rir«r#l<:fii», a youii^ stii(l<.-iit is Homeiiruef i^^l ii imag' 
*x;at -.V: «::irfirR a&is iiiovi;.s iiorlliwani ami soutbwun use a:s 
>ii«: H raiNiil or tlir|in:.sso(l ; this is a mistake, the ea*^'4:ixi& 
fjo ^urli iiiiiliiiii.* Ill ini veiling from the equator nimrvorrL 
.v^ri/oii vtiiit">; thus, when we are on the equator, lie ii: 
rx#irjt "I' our horizon is exactly oppr>site the Donii p:inr itsr* 
wh«:ri wt: iiiive travelled to ten degrees north latitude, 'isat nortfai 
point of our horizon is ten decrrees below the pole, azic u. oa:: 
DOW, tlif; wrxKJen horizon on the terrestrial globe is iizdoivablie.. 
otherwise it ought to he elevated or depressed, and noi lit? coie ; 
but whether we elevate the fxile ten degrees above the iDpi>ffiaiHiy 
or depress the north jKiint of the horizon ten degrees bek^v de 
pole, the apf>earance will lje exactly the same. 

The latitude of I^jndon is about 51^ degrees north : if Londoo 
be brought to the brass meridian, and the north pole be elevated 
blh degrees alxne the north point of the wooden horizon, then 
the wooden horizon will be the true horizon of London ; and, if 
the artificial globe be placed exactly north and south by a maii- 
ner^s compass, or by a meridian line, it will have exactly the posi- 
tion which the real f^Mje has. Now, if we imagine lines to be 
drawn through every degrccf within the torrid zone, parallel to 
die equator, they will nearly represent the sun's diurnal path on 
any given day. Ky comparing these diurnal paths with each 
other, they will be found to increase in length from the equator 
northward, and to decrease in length from the equator south- 
ward ; consecjuently, when the sun is north of the equator, the 
iavs are increasing in length ; and when south of the equator, the 
jays are decreasing. The sun's meridian altitude for any day 
nay be found by counting the numijer of degrees from the parallel 
1! which the sun is on that day, towards the horizon, upon the brass 
licridian ; thus, when the sun is in that parallel of latitude w hich 
>en degrees north of the equator, his meridian altitude will be 
*c<. degrees. Though the wooden horizon be the true horizon of 
ih: ^iven place, yet it does not separate the enlightened hemis- 
,.x*v of the globe from the dark hemisphere, w^hen the pole is 
iv,»> ■, novated. For instance, when the sun is in Aries, and I^n- 



. • "A. .-arth'a axis has a kind of libratini^ motion, called the nutation, but this 
nfiA '»' ^presented hy clovatinjr or doprcpsing the pole. 
^ ^-."i li*^* ^^ drawn on Adams's globey. 
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Or, by the analemma. 

Find the latitude of the given place (by Problem I.) and 
■irk it on the brass meridian ; bring the analemma to the brass 
neridian, upon which, exactly under the latitude, will be found 
the two days required. 

Examples. 1. On what two days of the year will the sun be 
vertical at Madras? 



On the 25th of April and on the 18th of August. 

S. On what two days of the year is the sun vertical at the 
following places. 

St. Helena • Sierra Leone 

Rio Janeiro Vera Cruz 

Quito Manilla 

Barbadoes Tinian Isle 

Porto Bello Pelew Islands 



Owhyhee 
Friendly Isles 
Straits of Alass 
Penanff 
Trincomal6 



PROBLEM XXV. 

^tTte month and the day of the month being given (at any place not 
in the frigid zones), to find what other day of the year is of the 
same length. 

Rule. Find the sun's place in the ecliptic for the given day 
(by Problem XX.), bring it to the brass meridian, and observe 
the degree above it ; turn the globe on its axis till some other 
point of the ecliptic falls under the same degree of the meridian ; 
find this point of the ecliptic on the horizon, and directly against 
it you will find the day of the month required. 

TkU Pnbkm may be performed by the celestial globe in the same manner. 



Or, by the analemma. 

Look for the given day of the month on the analemma, and 
adjoining it you will find the required day of the month. 

Os, WITHOUT A GLOBE. 

Any two days of the year which are of the same length, will be 
equal number of days fix>m the longest or shortest day. Hence, 
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Examples, !. Find all places of the earth where the sun is 
Tertical on the 11th of May, those places in the north frigid zone 
where the sun does not set, and those places in the south frijpd 
Bone where ho does not rise. 

Anaeer. Tlie Bun is vorticsl al St. AnthoriT, one of the Cape Vord islinda, tbe 
Virein ialimda, Boulh of St. DommEO, jBmaicn, Golconda, &c. All Ihe plncea 
trithia «gliteen degreee of the north pole will have coDBtBDt day; and thnee (if 
■ny) within eighteen degrees of the aoulh pole will have cooHtanl night, 

3. Whether does the sun shine over the north or south pole on 
the 27th of October, to what places will he be vertical at noon, 
what inhabitants of tiie earth will have the sun below their hori- 
con during several revolulions, and to what part of the globe will 
the sun never set on that day ? 

3. Find all ihe places of the earth where the inhabitants have 
DO shadow when the sun is on their meridian on the first of June. 

4. What inhabitants of the earth have their shadows directed 
lo eveiy point of the compass during a revolution of the earth on 
its axis on ihe 1 5th of July? 

5. How far does the sun shine over the south pole on the 14th 
of November, what places in the north frigid zone are in perpet- 
ual darkness, and to what places is the sun vertical T 

6. Find all places of the earth where the moon will be vertical 
on the 3rd of June 18:i5.*. 



PROBLEM XXIV. 

A place being given in the torrid zone, toJJjid those two days of the 
year on which the sun will be vertical at that place. 

RrLE. Bring the given place to that part- of the brass meridian 
which is numbered from the equator towards the poles, and mark 
its latitude ; turn the globe on its axis, and observe what two 
points of the ecliptic pass under that latitude: seek those points 
of the echptic in the circle of signs on the horizon, and exactly 
against them, in the circle of months, stand the days required. 
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Or, by the analemma. 

Find the latitude of the given place (by Problem I.) and 
mark it on the brass meridian ; bring the analemma to the brass 
meridian, upon which, exactly under the latitude, will be found 
the two days required. 

Examples. 1. On what two days of the year will the sun be 
vertical at Madras? 

JSbuw€r. On the 25th of April and on the 18th of August. 

2. On what two days of the year is the sun vertical at the 
foUowing places. 

Owhyhee St. Helena • Sierra Leone 

Friendly Isles Rio Janeiro Vera Cruz 

Straits of Alass Quito Manilla 

Penang Barbadoes Tinian Isle 

Trincomal6 Porto Bello Pelew Islands 



PROBLEM XXV. 

The month and the day of the month being given (at any place not 
in the frigid zones) ^ to find what other day of the year is of the 
same length. 

Rule. Find the sun's place in the ecliptic for the given day 
(by Problem XX.), bring it to the brass meridian, and observe 
the degree above it ; turn the globe on its axis till some other 
point of the ecliptic falls under the same degree of the meridian ; 
find this point of the ecliptic on the horizon, and directly against 
it you will find the day of the month required. 

TkU ProUem may be performed by the cdesHal globe in the same manner. 

Or, by the analemma. 

Look for the given day of the month on the analemma, and 
adjoining it you will find the required day of the month. 

Os, WITHOUT A GLOBE. 

Any two days of the year which are of the same length, will be 
an equal number of days fix>m the longest or shortest day. Hence, 
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whaterer namber of days the given day is before the loDgert 
shortest day, just so maDv days will the required day be uRer 
longest or shortest day, et contra. 

Examples. 1. What day of the year is of the same leiwtbtf 
the 25th of April ? 

JinMwer. The 18th of August 

2. What day of the year is of the same length as the 35di of 
May? 

3. If the sun rise at four o'clock in the morning at London on 
the 17th of July, on what other day of the year will it riae at the 
same hour? 

4. If the sun set at sev^n o'clock in the evening at London on 
the 24th of August, on what other day of the year will it set at 
the same hour? 

6. If the sun's meridian altitude be 90° at Trincomale, in the 
Island of Ceylon, on the 12th of April, on what other day of the 
year will the meridian altitude be the same ? 

6. If the sun's meridian altitude at London on the 25th of 
April be 51° 35', on what other day of the year will the meridian 
altitude be the same ? 

7. If the sun be vertical at any place on the 15th of April, how 
many days will elapse before he is vertical a second time at that 
place ? 

8. If the sun be vertical at any place on the 20th of August, 
how many days will elapse before he is vertical a second time at 
that place ? 



PROBLEM XXVI. 



The month, day, and hour of the day being given, to find where the 

sun is vertical at that instant. 



Rule. Find the sun's declination (by Problem XX.), and 
mark it on the brass meridian ; bring the given place to the brass 
meridian, and set the index of the hour-circle to twelve ; then, if 
the given time be before noon, turn the globe westward as many 
hours as it wants of noon ; but, if the given time be past noon, 
turn the globe eastward as many hours as the time is past noon ; 
the place exactly under the degree of the sun's declination will be 
that sought. 
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EuMPLBs. 1. When it is forty minutes past six o'clock in 
uK morning at London on the 25th of April, where is the sun 

wrtical? 

•AuiMT. Here the given time is five hours twenty minutes before noon ; hence 
the globe must be turned towards the wett till the index has passed over five hours 
twenty minutes,* and under the sun's declination on the brass meridian you irill 
imd Madras, the |^ce required. 

2. When it is four o'clock in the afternoon at London on the 
I8th of August, where is the sun vertical ? 

Jbuwer. Here the given time is four hours past noon ; hence the globe roust be 
tamed towards the east, till the index has passied over four hours, then, under the 
Mm'8 dedination, you will find Barbadoes, the place required. 

3. When it is three o'clock in the afternoon at London on the 
4th of January, where is the sun vertical ? 

4. When it is three o'clock in the morning at London, on the 
11th of April, where is the sun vertical 7 

5. When it is thirty seven minutes past one o'clock in the af- 
ternoon at the Cape of Good Hope on the 5th of February, 
where is the sun vertical ? 

6. When it is eleven minutes past one o'clock in the afternoon 
at London on the 29th of April, where is the sun vertical ? 

7. When it is twenty minutes past five o'clock in the afternoon 
at Philadelphia on the 18th of May, where is the sun vertical ? 

8. When it is nine o'clock in the morning at Calcutta on the 
11th of April, where is the sun vertical ? 

PROBLEM XXVIL 

The months day^ and hour of the day at any place being given^ to 
find aU those places of the earth where the sun is risings those 
places where the sun is settings those places that have noon, that 
particular place where the sun is vertical, those places that have 
momins twilight, those places that have evenir^ twilight, and 
those places that have midnight. 

Rule. Find the sun's declination (by Problem XX.) and mark 
it on the brass meridian ; elevate the north or south pole, accord- 



♦ If the hour circle be not divided to twenty minutes, turn the globe westward 
till the index has passed over five hours and a quarter ; then, by turning it a degree 
and a quarter futber to the west (answering to five minutes of time), the solution 
will be exact. See the note to the next Problem. The degrees must be counted 
on the equator. 
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iog as the sun'i declinatioD is north or south, so many degress 
above the horizon bh are equal to the sun's decimation ; bnog 
the given place to the brass meridian, and set the index of the 
hour circle lo twelve ; then, if the given time be before aooa, turn 
the globe iBentward as many hours as it wants of noon ; but, if the 
pven time be past noon, turn the globe eastward as many bourv 
aa the lime is past noon : keep the globe in this position ; then 
bII places along the western edge of the horizon have the sun 
rifling ; those places along the eastern edge have the sun setting ; 
those under tfie brass meridian above the horizon, have noon ; 
that particular place which stands under the sun's declination on 
the brass tnendian, has the sun vertical : all places below the 
weNteni edge of the horizon, within eighteen degrees, have morn- 
ing twilight ; those places which are below the eastern edge of 
the horizon, within eighteen degrees, have evening twilight; all 
places under the brass meridian below the horizon, have midnight j 
all the places above the horizon have day, and those below it have 
night or twilight. 

KxAMPi.Bs. 1. When it is fifty-two minutes past four o'clock 
in the morning at London on the 5th of March, find all places of 
the earth where the sun is rising, setting, &c. &c. 

Hilh ; therefore, elevate 



thu-niilh pnle Gj' uhaw 
minulUB brSnta noon <= f 
util, till tli«iiiili.'jliss pass 
liicd in tliia iHwilioi. ; tl.en 
Tht OKI it riling bI the 


(he horizon. Th« piven lime beiny seven houre eight 
■ill,— Ih. S20I.1 ilie i!li>be must be lurnud lowufda (he 
led over seven hours eight minutca.* Let the globe be 

western part of the While Sea, Pelcrebdrg, Morea in 


Sttting lit the eastern cr 
ic. between ll.c (■■rien.ily f 
J^om at the tale Buiknl i 
Vtrticd at Balavia. 


mst orKamlschalfca, Jesus Island, Palmersloi. Island. 

mil Society Itilands. 

n Irkoutak, Cochin China, Cambodia, Sunda lalands, &c. 



Evening twUigh.1 at the north west Gitrcmily of North America, the Sandwich 
lalanJa, Sociuly Islands, &c. 

Midnight o( Labrador, New- York, western part of St. Domingo, Chili, and the 
western coast of South America. 

Daj at the easlarn part of Russia in Europe, Turkey, Egypt, the Capo of Good 
Hope, and all the eaBlorn part of Africa, almoat the whole of Asia, &c. 



* The bour-drclea, in general, are not divided into parts leas than a ^mrter of 
•n hour, but the odd minutes are easily reckoned. In this example, having turned 
the elobe westward till the index hat passed over seven hours ; then, bacanae four 

mmulcB of (lino inako one decree, reckon lico ctcgrtes on the equator oaetwatti, 
""■' ' — '' ,lobe till tliey pass under the brass meridiau. 
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JMf at the whole of North and Sooth America, the western part of Africa, the 
British Isles, France, Spain, Portugal, &c. 

2. When it is four o'clock in the afternoon at London on the 
25th of April, where is the sun rising, setting, &c. &c. ? 



The son's declination being 13<> north, the north pole must be elevated 
19" abore the horizon'*'; and as the given time is four o'clock in the a^emoon, the 
riobe most be turned four hours towards the east; then the sun will be rising at 
Owfayhee, fcc. settmg at the Cape of Good Hope, Slc.; it will be noon, at Buenos 
Ayves^ iKc the son will be vertical at Barbadoes, and, following the directions in the 
PtoUem, all the other places are readily found. 

3. When it is ten o'clock in the morning at London on the 
longest day, to what countries is the sun rising, setting, &c. &c.? 

4. When it is ten o'clock in the afternoon at Botany Bay on the 
15th of October, where is the sun rising, setting, &c. &c. 

5. When is it seven o'clock in the morning at Washington on 
the 17th of February, where is the sun rising, setting, &c. &c.? 

6. When it is midnight at the Cape of Gk)od Hope on the 27th 
of July, where is the sun rising, setting, &c. &c. 



PROBLEM XXVIIL 

To find the time of the surCs rising and settings and length of the 
day and nighty at any place not in the frigid zones, 

RuiA. Find the sun's declination (by Problem XX.) and ele- 
vate the north or south pole, according as the declination is north 
or south, so many degrees above the horizon as are equal to the 
gun's declination ; bring the given place to the brass meridian, 
and set the index of the hour-circle to twelve ; turn the globe 
eastward till the given place comes to the eastern semi-circle of 
the horizon, and the number of hours passed over bv the index 
will be the time of the sun's setting : deduct these hours from 
twelve, and you have the time of the sun's rising ; because the 
son rises as many hours before twelve as it sets after twelve. 
Doable the time of the sun's setting gives the length of the day, 
and double the time of rising gives the length of the night. 

By the aane rule, the lencth of the longest day, at all places not in the frigid zonea, 
may be readUy found ; for Uie longest day at all places in north latitude is on the 
Slat of June, or when the sun enters Cancer ; and the longest day at all places in 



♦ If the hoor-cirale of the globe be placed aHmt the brass meridian, it must be 
unscrewed and removed from the pole ; the hours may then be counted on the 
equator. See the note to definition 19. p. 29. 
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3. Knd the time the sun rises and sets at every place on the 
Mrfece of the globe on the 21st of March, and likewise on the 
2Sd of September. 

4 Required the length of the longest day and shortest night at 
the following places : 

London Paris Pekin 

Petersburg Vienna Cape Horn 

Aberdeen Berlin Washington 

Dublin Buenos Ajrres Cape of Good Hope 

Glasgow Botany Bay Copenhagen. 

5. Required the length of the shortest day and longest night at 
the following places : 

London Lima Paris 

Archangel Mexico Owhyhee 

OTaheitee St. Helena Lisbon 

Quebec Alexandria Falkland Islands. 

6. How much longer is the 21st of June at Petersburg than at 
Alexandria ? 

7. How much longer is the 2l8t of December at Alexandria 
than at Petersburg ? 

8. At what time does the sun rise and set at Spitzbersen on 
the 5th of April? ^ 



PROBLEM XXIX. 



T%e length of the day at any place, not in the frigid zones, being 
given, to find the suiCs declination and the day of the mmth. 

Rui<E. Bring the given place to the brass meridian, and set 
the index to twelve : turn the globe eastward till the index has 
passed over as many hours as are equal to half the length of the 
day ; keep the globe from revolving on its axis, and elevate or 
depress one of the poles till the given place exactly coincides with 
the eastern semi-circle of the horizon ; the distance of the elevated 
pole from the horizon will be the sun's decimation : mark the 
sun's declination, thus found, on the brass meridian: turn the 
globe on its axis, and observe what two points of the ecliptic pass 
under this mark ; seek those poin^ in the circle of signs on the 
horizon, and exactly against th^niy in the circle of iQOQtbs, stand 
the days of the months required. 

88 
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EzAMPiifli. 1. What two d^n in the year are 
houn loi^ at Londoii, and what is the son's <iecEnation ? 



The S4th of Maj aad the 17th of Jolj. The 
ahoot SI* north. 

2. What two dayv of the year are each fborteen hoars long at 
London? 

3. On what two days of the year does the son set at half-past 
seven c/ciock at Edinboigfa 7 

4. On what two days of the year does the son rise at foor 
o'clock at Petersburg? 

5. What two ni^ts of the year are each ten hoars k»g at 
Copenhagen? 

o. WImt day of the year at London is nxteen hoars and ahalf 
long? 



'*' Any fneridum will answer the pnrpote, and the g^obe may be tamed eHher 
•aatward or westward ; bttt it is the most cooTenieot to turn it eastinupd, henuiae 
the brass meridian is graduated on the east side. 

t if Adams* ^fiobes be usedj the meridian passing thmngh Tihg ^kgmihia inil Kha 
the brass ueridtaiii'Snd the dedmalioB is foond at onoe. 
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PROBLEM XXX. 

7b fnd the length of the hngest day at anyplace in the north* 

frigid zone. 

Rule. Bring the given place lo the northern point of the 
horizon (by elevating or depressing the pole), and observe its 
distance from the north pole on the brass meridian ; count the 
same number of degrees on the brass meridian from the equator, 
towards the north pole, and mark the place where the reckoning 
ends : turii the globe on its axis, and observe what two points of 
the ecUptic pass under the above mark ; find those points of the 
ecliptic in the circle' of signs on the horizon, and exactly against 
them, in the circle of months, you will find the days on which the 
Idlest day begins and ends. • The day preceding the 21st of 
June is that on which the longest day begins at the given place, 
and the day following the 21st of June is that on which the 
kmgest day ends : the time between these days is the length of 
tlie longest day. 

Or, by the analemma. 

Bring the given place to that part of the brass meridian which 
is numbered from tne north pole towards the equator, and observe 
its distance in degrees from the pole ; count the same number of 
degrees on the brass meridian from the equator towards the north 
pofe, and mark where the reckoning ends ; bring the analemma 
to tt^ brass meridian, and the two days which stand under the 
whove mark will point out the beginning and end of the longest 
day. 

JBxajiples. 1. What is the length of the longest day at the 
North Cape, in the island of Maggeroe, in latitude 71° SO' north T 

Jbuwer. The place is 18i» from the pole; the longest day begins on the 14th of 
May, and ends on the 30th of July ; the day is therefore seventy-seven days long, 
that 18, the son does not set during seventy-seven revolutions of the earth on its ads. 

2. What is the length of the longest day in the north of Spitz- 
bergen, and on what day does it begin and end ? 



* The south frigid zone being uninhabited (at least we know of no inhabitants) 
the Problem is not applied to that zone ; howeve^ the rule is general, reading 
south for north, and Slst of December for the Slst of June. 
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3. What is the length of the longest day at the northern 
extremity of Nova Zembla ? 

4. What is t!ie length of the longest day at the north pole, and 
on what day does it begin and end ? 

PROBLEM XXXI. 

To find the length of the longest night at any place in tfie norlli* 
frigid zone. 

Rule. Bring the given place to the northern point of the 
horizon (by elcvaling or depressing the pole), and observe its 
distance from the north pole on the brass meridian ; count the 
same number of degrees on the brass meridian from the equator 
towards the south pole, and mark the place where the reckoning 
ends ; turn the globe on its axis, and observe what two points of 
the ecliptic pass under the above mark ; find those points of the 
ecliptic in the circle of signs on the horizon, and exactly against 
them in the circle of months, you will find the days on which the 
longest night begins and ends. The day preceding the 31st of 
December is that on which the longest night begins at the given 
place, and the day following the 21st of December is that on which 
the longest night ends : the tune between these dcys is the length 
of the longest night. 

Or, bv thb analemma. 

Bring the given place to that part of the brass meridian which 
is numbered from the north pole towards the equator, and observe 
its distance in degrees from the pole ; count tiie same number of 
degrees on the brass meridian from the equator towards the south 
pole, and mark where the reckoning ends ; bring the analemma to 
the brass meridian, and the two days which stand under the above 
mark will point out the beginning and end of the longest night. 

Examples. 1. What is the length of the longest night at the 
North Cape, in the island of Maggeroe, in latitude 71° S^ north ? 

•dnnsn-. The place is ISj° from the pole ; the longest nis:ht begins on the 16lh 
of Nnvember^ and ends on the 27th of January ; Ine nighl is therefore eevent}>- 
three days long, that ia, the sun does not lise during seventy-three levolutions of 
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2. What is the length of the longest night at the north of 
Spitzbergen ? 

3. The Dutch wintered in Nova Zembia, latitude 76 degrees 
north, in the year 1596 ; on what day of the month did they lose 
sight of the sun ; on what day of the month did he appear again ; 
and how many days were they deprived of his appearance, set- 
ting aside the effect of his refraction ? 

4. For how many days are the inhabitants of the northernmost 
extremity of Russia deprived of a sight of the sun ? 



PROBLEM XXXII. 



To find the number of days which the sun rises and sets at any 

place on the north* f't'igid zone. 

RuLB. Bring the given place to the northern point of the hori- 
zon (by elevating or depressing the pole), and observe its dis- 
tance from the north pole on the brass meridian ; count the same 
number of degrees on the brass meridian from the equator towards 
the poles northward and southward, and make marks where the 
reckoning ends; observe what two points of the ecliptic nearest 
to Aries pass under the above marks ; these points will show (upon 
the horizon) the end of the longest night and the beginning of the 
longest day ; during the time between these days the sun will rise 
and get every twenty-four hours ; next observe what two points 
of the ecliptic nearest to Libra, pass under the marks on the brass 
meridian ; find these points, as before, in the circle of signs, and 
a^mst them you will find the day on which the longest night be* 
gins ; during the time between these days the sun will rise and 
set every twenty-four hours. 

Or, 

Find the length of the longest day at the given place (by Prob. 
XXX.) and the length of the longest night (by Prob. XXXI), add 
these together, and subtract the sum from 365 days, the length of 
the year, the remainder will show the number of days which the 
sun rises and sets at that place. 



* The same might be found for a place in the south frigid zone, were that lone 
inhabited. 
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Or, by the ana lemma. 

Find how many degrees the given place is from the nortli pole, 
and mark those degrees upon the brass meridian on both sides of 
the equator ; observe what fourdays on ihe anatemma stand under 
the marks on the brass meridian; the time between those two 
days on the left-hand part of the analemma (reckoning towards 
the north pole) will be the number of days on which the sun rises 
and sets, between the end of the longest night and the beginning 
of the longest day : and the time between ihe two days on the 
right-hand part of the analemma (reckoning towards the south 

Eolo) will be the number of days on which the sun rises and sets, 
Btween tlie end of the longest day and the beginning of tlie long- 
est night. 

Examples. 1. How many days in the year does the sun rise 
and set at the North Cape, in the island of Maggeroe, in latitude 
71= 30- north t 

Jnjwcr. The place is IBJ" from the pole, the two pointH in Ihe ecliptic, ncarat 
U Sriei, which pasa under 181" on the brua meridian, are 6° in ~, answering to 
the 37th of January, and 34' m )i , answerine (ho 14lh of May. Hence the aun 
riseR and aels for 107 days, via. from the end oTthe longeat night, which happens on 
the a7th of January, to tha beginning of the longasl day, which happens on Ihs 
14lh of May, Secondly, the two points in the cchplic ncaral to Libra, which pass 
under ISl" on the brass meridian, are H° m U, answermp to the 3Ulh of JuIt. and 
24* in Itl, answering to the lath of November. Hence 

108dayB,vii.rromthoendoflhB' 

to the beginning of the longest i „ , , , 

so that the whde lime of Ihe son's rising and setlnig is 215 days. 

Or, thcs : 



The lenclh of the longest day, by Example let. Proh XXX. is 77 days ; the 
length of the longest nigEt, by Example 1st, Proh. XXXI. ia 73 days ; Ihe sum of 
these is 150, which deducted from 365, leatea 215 days as above. 



3. How many days in the year does the sun rise and set at the 
north of Spitzbergen T 

3. How many days does the sun rise and set at Greenland, in 
latitude 75° north ? 

4. How many days does the sun rise and set at the northern 
extremity of Russia in Asia 7 
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PROBLEM XXXIII. 

To find in what degree of north latitude, on any day between the 
21^ of March and ^\st of June, or in what degree of south 
latitude, on any day bettJoeen the 23d of September and the 2lst 
of December, the sun begins to shine constantly without setting; 
and also in what latitude in the opposite hemisphere he begins to 
be totally absent. 

HxTLR. Find the sun's declination (by Problem XX.), and 
count the same number of degrees from the north pole towards the 
equator, if the declination be north, or from the south pole, if it be 
south, and mark the point where the reckoning ends : turn the 
globe on its axis, and all places passing under this mark are those 
in which the sun begins to shine constantly without setting at that 
time : the same number of degrees from the contrary pole will 
point out all the places where twilight or total darkness begins. 

Examples. 1. In what latitude north, and at what places, does 
the sun begin to shine without setting during several revolutions 
of the earth on its axis, on the 14th of May ? 

Auvoer. The sun's declination is 18i<> north, therefore all places in latitude 71j|<> 
north, will be theplscea sousht, viz. the North Cape in Lapland, the southern part 
of Nova Zembla, Icy Cape, sc. 

2. In what latitude south does the sun begin to shine without 
setting on the I8th of October, and in what latitude north does he 
b^in to be totally absent 7 

«9iMtoer. The sun's declination is 10<> south, therefore he begins to shine con- 
stantly in latitude SO** south, where there are no inhabitants known, and to be to- 
tally absent in latitude 80^ north, viz. at Spitzbergen. 

3. In what latitude does the sun begin to shine without setting 
on the 20th of April? 

4. In what latitude north does the sun begin to shine without 
setting on the 1st of June, and in what degree of south latitude 
does he begin to be totally absent ? 



PROBLEM XXXIV. 

Any number of days, not eocceeding 182, being given, to find the 
parallel of north latitude in which the sun does not set for that 
time. 

Rule. Count half the number of days from the 21st of June 
on the horizon, eastward or westward, and opposite to the last day 
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you will find the sun's place in the circle of signs : look for the 
wgn and degree on the ecliptic, which bring to ihc brass merid- 
ian, and observe the sun's declination ; reckon the same number 
of degrees from the north pole (on that part of the brass meridian 
which is numbered from the equator towards the poles) and you 
vrill have the latitude sought. 

ExAMPi.Bs. 1. In what degree of north latitude, and at what 
place does tlie sun continue above the horizon for seventy-seven 
days? 

Aamtr. Half the number ofdnya is 38j, und ifreckoned backward, oi towards 
Oe east, rrara tbaSlat of June, wUl answer lo the I4lh of May ; and ifcounted for- 
waid, or towards Ihe weat, will answer to tbe 3Uth of July ; on eittier of which days 
tkB sun's declination is I8j degreea nortb, conseauentl; tbe places sought are IS^ 
(tegreefl from Ibo north pole, or in latitude Ti^ degrees north; answering lo the 
North Cape in Lapland, the sou Ih part of Nova Zembla, Icy Cape, &c 

2. In what degree of north latitude is the longest day 134 days, 
or 3216 hours in length? 

3. In what degree of north latitude does the sun continue above 
tfie horizon for '2160 hours? 

4. In what degree of north latitude does the eun continue above 
the horizon for 1152 hours 1 



PROBLEM XXXV. 

To find the heginning, end, and duration of twUight at any place 
on any given day. 

Rule. Find the sun's declination for the given day {by Prob- 
lem XX.), and elevate the north or south pole, according as the 
declination is north or south, so many degrees above the horizon 
as are equal to the sun's declination ; screw the quadrant of alti- 
tude on the brass meridian, over the degree of the sun's declina- 
tion ; bring the given place lo the brass meridian, and set the in- 
dex of the hour-circle to twelve ; turn the globe eastward till the 
given place comes to the horizon, and the hours passed over by 
the index, will show the time of the sun's setting, or the beginning 
of evening twilight: continue the motion of the globe eastward, 
till the given place coincides with 18° on the quadrant of altitude 
below* the horizon, and the hours passed over by the index, from 



• The quadrant of alUtude belonging lo our madern globes is ahvajs graduated 
ISdegreesbelovthe horizon. 
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12, wiD Aaw when evening twi^|^ tads, Tlie oae when 
nrrnin^ tTiilijjii rniln, iwhfrirtril fmni llf. niH ihiiw ilw Im^jimiii^ 
of momii^ twifigM- 

Qm Tsaxz 

Elevate the north or sooth pole, acconfing as the ktkade of the 
ghren phbce is north or sooth, so many degrees above the horiion 
as are e<pial to the latitade ; find the son's place in the ecliptic, 
InriDg it to the brass meridian, set the index of the hour-circle to 
twelve, and screw the quadrant of ahitode upon the brass 
meridian over the given latitude ; torn the globe westward on its 
axis till the son's place comes to the western edge of the horizon, 
and the hoars pa^ed over by the index will show the time of the 
sun's setting, or the beginning of evening twilight ; continue the 
motion of the globe westwai^ till the sun's place coincides with 
11** on the quadrant of altitude below the horizon, the time 
passed over by the index of the hour-circle, from the time of the 
son's setting, wiD show the duration of evening twilight. 

Cht, BY THE ANALEMMA. 

JESleyate the pole to the latitude of the place, as above, and 
screw the quadrant of altitude upon the brass meridian over the 
degree of latitude ; bring the middle of the analemma to the 
brass meridian, and set the index of the hour-circio to twelve ; 
turn the globe westward till the given day of the month, on the 
analemma, comes to the western edffe of the horizon, and the 
hours passed over by the index will snow the time of the »un*s 
Betting, or the beginning of evening twilight : continue tlia motion 
of the globe westward till the given da]^ of the month coincides 
with IS'' on the quadrant below the horizon, the time passed over 
Iby the index, from the time of the sun's setting, will show the 
duration of evening^twilight. 

ExAifPLEs. 1. Required the beginning, end, and duration of 
morning and evening twilight at London, on the 19th of April. 

Jtnawer, The sun sets at two minutes past seven, and evoninff twilight ends «i 
nineteen minutes past nine; consequently morning twilight bngini at Mih.— 
Oh. lSm.-B) 8h. 41m. andendsat (ISh.— 7h. Bm.-E) 4I1. fiSni.) the duration 
of twilight is 2 h. and 17 minutes. 

% What is the duration of twilight at London on tlio 33d of 
September? what time does dark night begin, and at what time 
does the day-break in the morning 7 

•AMiDsr. The tun seto at six o'clock, and the duration of twilight is two hourt | 
ontyq—ntly the evening twilight ends at eight o'clock, and the morning twilight 
begins at four. 
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Partm. 

3. Reqatred the beginning, end, and dnr^OD of moming and 
evening twilight at London no ihe 25(h of AuguBl. 

i. Required ihe beginninz, end, and duration of moroing and 
evening ttriitght at Edinbin^ on the 30(b of February. 

5. Required the beginning, end. and duration of moming aitd 
evening twil^t at Cape Horn on the '30lh of February. 

6. Required the beginning, end, and duration of morning and 
evening twilight at Madras on the 13th of Jane. 



PROBLEM XXX\1. 

To find the hegiimin^, end, ami dttratitm cf constant day or Uodigbt 
at tittif piacr. 

RiTUE. Find the latitude of the given place, and add IS^tothat 
latitude : count the number of degrees correspondent to the sum, 
on that part of the bra-s meridian which is numbered from the 
pole towards the equator, mark where the reckoning ends, and 
observe what two points of the ecliptic pass under the mark :* 
that point wherein the sun's declination is increasing will show 
on the borizoa the beginning of constant twilight ; and that point 
wherein the sun's declination is decreasing, will show the end <tf 
constant twilight. 

Examples. 1, AVTien do we begin to have constant day or 
twilight at London, and how long does it continue ? 

^nnerr. The lalilude of London is 3 IJ degrees north, lo which add IS degrees, 

in n, anawerinc to (he 22d of May, and 29 degrees in S, "nswerina to the ais( of 
July ; BO [hai, from the a2d of May to Ihe 2lBi of July (he sua nevei desceods 18 
degrees btlow the horiion of London. 

2. When do the inhabitants of the Shetland Islands cease to 
have constant day or twilight ? 

3. Can twilight ever continue from sun-set to sun-rise at 
Madrid t 

4. When does constant day or twilight begin at Spitzbergen ? 

5. What is the duration of constant day or twilight at the 
North Cape in Lapland, and on what day, after their long winter's 
night, do the sun's rays first enter the atmosphere ? 



• If, after IS d< 
not reich tho ccl 

remainder exceed 


((rrees be added lo the latitudt 
iplic, there will be no con 
Intitudo add 18 degrees, am 
23i degrees, there can be 


:, the distance from (he pole wiU 
slant twilighl St (he given place, 
i Bubttaet (he sum from 90, if the 
DO constant twilight at tbe giveo 



Chap. I. THE TERRESTRIAL GLOBE. 227 

PROBLEM XXXVII. 

To find the duration of twilight at the north pcle. 

Rule. Elevate the north pole so that the equator may coin- 
cide with the horizon ; observe what point of the ecliptic nearest 
to Libra passes under IS'' below the horizon, reckoned on the brass 
meridian^ and find the day of the month correspondent thereto ; 
the time elapsed from the 23d of September to this time will be 
the duration of evening twilight. Secondly, observe what point 
of the ecliptic, nearest to Aries, passes under 18' below the hori- 
zon, reckoned on the brass meridian, and find the day of the 
month correspondent thereto ; the time elapsed from that day to 
the 21st of March will be the duration of morning twilight. 

Examples. 1. What is the duration of twilight at the north 
pole, and what is the duration of dark night there ? 

Antuter. The point of the ecliptic nearest to Libra which passes under 18 de- 

£ees below the horizon, is 22 degrees in til, answering to the 13th of November ; 
nee the evening twilight continues from the 23d of September (the end of the 
longest day) to the 13th of November the beginning of dark night) being 51 days. 
The point of the ecliptic nearest to Aries which passes under 18 degrees below the 
horizon is 9 degrees m ^, answering to the 29tn of January ; hence the morning 
twilight continues from the 29th of January to the 21st of March (the beginning 
of the longest day) being 51 days. From the 23d of September to the 21st of 
Mareh are 179 days, from which deduct 102 (=51X2), the remainder is 77 
days, the duration of total darkness at the north i>ole ; but, even during this short 
period, the moon and the Aurora Borealis shine with uncommon splendour. 



PROBLEM XXXVIII. 

To find in what climate any given place on the globe is situated. 

Rule. 1. If the place be not in the frigid zone, find the length 
of the longest day at that place (by Problem XXVIII.) and sub- 
tract twelve hours therefrom ; the number of half hours in the 
remainder will show the climate. 

2. If the place be in the frigid zone,*' find the length of the 
longest day at that place (by Problem XXX.), and if that be less 
than thirty days, the place is in the twenty-fifth climate, or the^r^ 
within the polar circle. If more than thirty and less than sixty 
it is in the twenty-sixth climate, or the second within the polar 
circle ; if more than sixty, and less than ninety, it is in the twenty- 
seventh climate, or the third within the polar circle, &c. 

'^ The climates between the polar circles and the poles were unknown to the 
ancient eeographers : they reckoned only seven climates north of the equator. 
The midclle of the first northern climate they made to pass through Jtferee, a 



WR PBOBLBMB PERFORMSD BT PoTt III. 

Examples. 1. In what climate is London, and what other 
remarkable places are situated in the same climate? 

Auaer. The Inngesl daf in Londoa ii 16^ hours; if we deduct 13 Iherefroni, 
the renuindet will be 4^ hours, or nine halT hours ; htnce London is in the ninth 
climate norlli of the equator ; and aa all places in oi near the same laliliuie are id 
the same climate, we shall lind Amslenlain, Dresden, Warasn, Irkoulsh, the 
■Dulhetn part of the peninsula orEaiotschalkB, Nooika Sound, the South ofHud- 
aon'B Bay, Ilie norih of Newfoundland, be. la be in the same cliiDale as Loodun. 
Tho learner is requested to turn to the note Id Defiaitioa GSIb, page 3B. 

3. In what dimate ia the North Cape in the island of Mag- 
geroe, latitude 71' Sff north? 

^huatr. Tho lenelb of the longext day is 77 daj'sj these days divided by 30 
give two monthi forlhe quolieni, and a remainder ol 17 dayi; hcncelhe place i» in 
the third climate wiibin Ibe Har circle, or Iho 37lh climate reckoning from Iha 

SuBlor. Theaoulhern part of Nova Zemhla, (he northern part of Siberia, James' 
and, Baffin's Buy, the northern part of Greenland, &c. are in the eame chmate. 

3. In what climate is Edinburgh, and what olher places are 
situated in the same climate ? 

4. In what climate is the north of Spilzbergen? 

5. In what climate ia Cape Horn? 

6. In what climate is Botany Bay, and what other places are 
utuated in the same climate ? 



PROBLEM XXXIX. 



To find the breadths of the several climates between the equator 
and the polar circles. 

Rule. For the northern climates. Elevate the north pole 23 J° 
above the northern point of the horizon ; bring the sign Cancer to 



dly of Ethiopia, built by Cambyses on an iilandin the Nile, nearly under the tropic 
of Cancer ; the second throucri Sytru, a city of Thebais, in Upper Egypt, near the 
cataracts of the Nile; the third through JlUxandriai the fourth through Rheda; 
the fifth through Romi or the HtUtaponl ,- the aiith through the mouth of the Bo- 
ntl&otu or DnitptTi and the seventh through the Ripham nuxmliatM, supposed to 
be situated near the source cf the Tanaia or Don river. The soulhem parts of the 
earth being in a great meaiuro unknown, the climates received their names from 
(he northern ones, and not from particular towns or places. Thus the climate, 
which waa supposed to be at the same distance from the equator southward aa 
Meroe was northward, was called .flnli.diiimn-on, or the opposite cUmate to Meroe; 
•^nttdtaiymei was the opposite climate to Syenes, &e. 
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ttie meridian, and set the index to twelve ; turn the globe east- 
ward on its axis till the index has passed over a quarter of an 
hour; observe that particular point of the meridian passing 
through Libra, which is cut by the horizon, and at the point of 
intersection make a mark with a pencil ; continue the motion of 
the globe eastward till the index has passed over another quarter 
of an hour, and make a second mark ; proceed thus till the me- 
ridian passing through Libra* will no lon^r cut the horizon ; the 
several mar£ brought to the brass meridian will point out the 
latitude where each climate ends.t 

Examples. 1. What is the breadth of the ninth noftih climate, 
and what places are situated within it? 

Jhuwer, The breadth of the 9th climate is 2^ 57/. it begins in latitude 49® ^ 
north, and ends in latitude 51' 59^ north, and all places situated within this space 
are in the same climate. The places will be nearly the same as those enumerated 
in the first example to the preceding problem. 

2. What is the breadth of the second climate, and in what lat- 
itude does it begin and end ? 

3. Required the beginning, end, and breadth of the fifth cli- 
mate. 

4. What is the breadth of the seventh climate north of the 
equator, in what latitude does it begin and end, and what places 
are situated within it ? 

5. What is the breadth of the climate in which Petersbui^ is 
situated ? 

6. What is the breadth of the climate in which Mount Heckla 
is situated ? 



PROBLEM XL. 

To find that part of the equation of time which depends on the 

obliquity of the ecliptic. 

Rule. Find the sun's place in the ecliptic, and bring it to the 
brass meridian ; count the number of degrees from Anes to the 



* On Adams' and Cut's globes, the meridian passing through Libra is divided 
into degrees, m the same manner as the brass meridian is divided ; the horizon 
WUL therefore, col this meridian in the several degrees answering to the end of 
«M disMte^ wHlMMit the trouble of bringing it to the brass meridian, or marking 
the £^obe. 

t See a Table of the climates, with the method of constructing it, at pages 39 
and 40. 
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Pan III. 



brass meridian, on the equator and on the ecliptic ; the differ- 
ence, reckoning four minutes of time to a degree, is the equation 
of time. II' the number of degrees on the ecliptic exceed those 
on the equator, the sun is faster than the ctoclc ; but if the num- 
ber of degrees on the equator exceed those on the ecliptic, the 
Gun is slower than the clock. 



a ahortesl 



Aolr. The equaiion of lime, or diflsrenee between 
ths dme shown by a welt regulated clock, anil ■ IruG 
Bun-dittl, deponcia upon Iwo cauaea, rii. the obliauitj of 
the ecliptii:,and the nnoqaal motion of the earth in ila 
orbit. The former of these causes maj be explained 
bj the above Problem, If two sum were to set off 
at the eanio time from the point Aries, and moia oiec 
equal epaces in equal time, the one on the ecliptic, 
the other on the equator, it is evident they would 
never come to the mendian together, eiceol at th& 

time of the equinoiea, and on Ihe longt 

days. The annealed table shows how much the 
ia falter or slower than the dock ought la be, so fs 
the variation depends on (he obliquity of ihe eclipiic 
only. The signs of the first and third quadranla of 
the ecliptic are at the lop of the (able, and the degrees 
in these signs on the lell hand ; in any of these signs 
the sun ia bater than the dock. The signs of Ihe 
second and third quadrants are at the bottom of Ihe 
table, and the degrees In these gicns at the right band ; 
in any of these eigns ths ann is slower than the clock. 

ThuH, when the sun is in 20 degrees of g or 111, it 

when the sun ia in 19 degrees of 5 or '/j, it is 6 min- 
utes S seconds slower than Ihe clock. 
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Examples. 1. What is the equatioii of time (m the 17th of 
July? 

•Aiflwer. The demes on the equator exceed the degrees on the ecliptic by two : 
hence the sun is eight minutes slower than the dock.* 

2. On what four days of the year is the equation of time noth- 
ing? 

3. What is the equation of time dependant on the obliquity of 
the ecliptic on the ^th of October? 

4 When the sun is in 18^ of Aries, what is the equation of 
time? 



PROBLEM XLI. 

Tojind the smCs meridian altitude at any time of the year at any 

given place. 

Rule. Find the sun's declination, and elevate the pole to that 
declination ; bring the given place to the brass meridian, and 
count the number of degrees on the brass meridian (the nearest 
way) to the horizon ; these degrees will show the sun's meridian 
altitudcf 

Find the son's declination, and elevate the pole to that declination ; bring the 
gioe» place to the brass meridian and set the index to 12 ; then, if the given time be 
before noon, turn the globe westward as many hours as the time wants of noon ; 
tf the time be past noon, turn the globe eastward as many hours as the time is past 
noon. Keep the globe fixed in this position, and screw the quadrant of altitude on 
the brass meridian over the sun's dedination : bring the graduated edge of the 
quadrant to coincide with the given place, and the number of degrees between that 
place and the horizon will show the sun's altitude. 

Or, 

Elevate the pole so many degrees above the horizon as are 
equal to the latitude of the place ; find the sun's place in the eclip- 
tic, and bring it to that part of the brass meridian which is num- 



* The learner will observe that the equation of time here determined is not the 
tme equation, as noted on the 7th circle on the horizon of Bardin's globes ; the 
equation of time ther e giv en cannot be determined by the globe. See the table at 
the end of Problem LXIY. 

t See Problem XXI; 



bered from the equator towards the poles ; count the number of 

degrees contained on the brass meridiim between the sim'a place 

and the horizon, and they will show the altitude.* 

To &nd tfao aun'a altitadt >t any hoai, me Problem XLIV. 

Ob, by the anxlemxa. 

Elevate the pole so many degrees above the horizon aa ate 
equal to the latitude of the place ; find the day of the month on 
the analemma, and bring it to that part of the brass meridian 
which is numbered from the equator towards the poles ; count the 
number of degrees contained on the brass meridian between the 
frjven day of the month and the horizon, and they will show the 
altitude. 
To find ibe bud'b altihide ■! sny hour, see Prolilom XLIY. 

Examples. 1, What is the sun's meridian altitude at London 
on the 21st of June ? 

•Snmer, G! degrees. 

9. What is the sun's meridian altitude at London on the 91st 
of March ? 

3. What is the sun's least meridian altitude at London ? 

4. What is the sun's greatest meridian altitude at Cape Horn ? 

5. What IS the sun's meridian altitude at Madra* (w the 20th 
<^ June 1 

6. What is the sun's meridian ahitude at Bencoc^en on tbc 
15tbcrf'Jaauary7 

Examples to the note. 

1. What is the sun's altitude at Madrid on the 34th of August, 
at 11 o'clock in the morning ?f 



• See Problem XXII; ^ 

t fbia example is taken from a proipectuB, enDOUDcinc the p^tlicmtion dfjftat 
GlnieSf to be executed bj Mr. Dudley Adama, aad called Um JfitBlaiimt GMm^ 

_i. .!.. ,...!.__ !.__.___.. I .!._ . .. ,i>eB„^|l,u»£jBUiimiBeTBrity; he hu 

..:.: /..., iMgned 

" tbe ahiwdtiiei and ridiailoui iaamtiitmcia of tbe eomman^obM." H« 

' * „ tAfi problem on tbe eommon globes, m fin^ with tba fnateat 

■Honiahment, that Madrid, where it ia onderMoocI to bo devea ii'i fcmli in tk» 



working tAfi problem on tbe eommon globes, wo fin^ 

tbe dark, 
jbitai 
eleven o'clock. 



-rdly conceive how the inhabi 
;e the time 
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Auwer. The son's dedinsticMi is 11| d^^rees nor^; by elsfvatiiif the north 
pole 114 degrees above the borison, and taming the slobe so thut Madrid mav be 
cne boor westward of tbe meridian^ the son's altitwfe wfll be foond to be 57^ de- 
grees. 

2. What is the sun's altitude at London at 3 o'clock in the 
afternoon on the 25th of April ? 

3. What is the sun's altitude at Rome on the 16th of January 
at 10 o'clock in the morning ? 

4. Required the sun's altitude at Buenos Ayres on the 21st of 
December at two o'clock in the afternoon. 



PROBLEM XLIL 

When it is midnight at any place in the temperate or torrid zones^ 
to find the sun^s altitude at any place {on the same meridian) in 
the norA frigid zone, where the sun does not descend below the 
horizon. 

Rule. Find the sun's declination for the given day, and ele- 
vate the pole to that declination; bring the place (in the frigid 
zone) to that part of the brass meridian which is numbered from 
the north pole towards the equator, and the number of degrees 
between it and the horizon will be the sun's altitude. 

Or, 

Elevate the north pole so many degrees above the horizon as 
are equal to the latitude of the place in the frigid zone ; bring the 
sun's place in the ecliptic to the brass meridian, and set the index 
of the hour-circle to twelve ; turn the globe on its axis tUl the 
index points to the other twelve ; and the number of degrees be- 
tween the sun's place and the horizon, counted on the brass me- 
ridian towards that part of the horizon marked north, will be the 
sun's altitude. 

Examples. 1. What is the sun's altitude at the North Cape 
in Lapland, when it is midnight at Alexandria in Egypt on the 
21st of June? 

Answer. 5 degrees. 

2. Whien it is midnight to the inhabitants of the islaiid of Sicily 
on the 22d of May, what is the sun's altitude at tbe north of 
Spitzbei^en, in latitude 80" north? 

3. What is the sun's altitude at the northeast of Nova ZembTa, 
wheo it is midnight at Tobcdisk, on the 15tb of July ? 

30 
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4. What if the «un*» altitude at the north of Baffin's Bay, i 
it ii midnight at Buenos Ayres, oo the SSth of May ? 



PROBLEM XLni. 

To find llie Mun'i amplitude at any place, the day of the month 
being given. 

Elevate the pole m many degrees above the horizon as are 
cquul tn tlie liililudc of ibe given place ; find the sun's place in 
the cctiplic, acid briic; it to the eastern semi-circle of the hori- 
zon ; the niimlfcr of degrees from the suo'a place to the east point 
of lh« horizon will be the ritiing amplitude ; bring the sun's place 
lo the wcntern wimi-circle of the horizon, and the number of de- 

Srees from the sun's place to the west point of the horizon will be 
K Retting amplitude. 

Ob, bv tbk akalemma. 

Elevate the pole so many degrees above the horizon as are 
equal to lh« latitude of the place ; bring the day of the month on 
the Bria!cmm;i to the eastern seini-circle of llie horizon : the num- 
ber of degrees from the day of the month to the east point of the 
horizon will be the rising amplitude : bring the day of the month 
to the western semi-circle of the horizon, and the number of de- 
grees from the day of the month to the west point of the horizon 
will be the setting amplitude. 

Examples. 1. What is the sun's amplitude at London on the 
aistof June? 

Annon-. 39° 48* lo the north of ihB cast, and 39" 4ff (o Iha north of the west, 

3. On what point of the compass does the sun rise and set at 
London on the l7th of May 1 

3. On what point of the compass does the sun rise and set at 
the Cape of Good Hope on the 31st of December ? 

4. On what point of the compass does the sun rise and set on 
the '21st of March ? 

5. On what point of the compass does the sun rise and set at 
Washington on the 2Ist of October ? 

6. On what point of the compass does the sun rise and set at 
Pelerslmrg on the 18th of l^.-f.^intxT? 

. On December '22d. 1835. in lutitL 
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tude 83° W,, if the sun set on the S.W. point of the compass, 
what is the variation ? 

8. On the 15th of May, 1825, if the sun rise E. by N. in 
latitude 33° 15' N. and longitude 18*^ W., what is the variation of 
the compass? 



PROBLEM XLIV. 

To find the sun's azimuth and his altitude at am/ place, the day and 

hour being given. 

Rule. Elevate the pole so many degrees above the horizon 
as are equal to the latitude of the place, and screw the quadrant 
of altitude on the brass meridian, over that latitude ; find the sun's 
place in the ecliptic, bring it to the brass meridian, and set the 
index of the hour-circle to twelve ; then if the given time be before 
noon, turn the globe eastward^ as many hours as it wants of noon ; 
but, if the given time be past noon, turn the globe westward as 
many hours as it is past noon ; bring the graduated edge of the 
quadrant of altitude to coincide with the sun's place, then the 
number of degrees on the horizon, reckoned from the north or 
south point thereof to the graduated edge of the quadrant, will 
show tne azimuth ; and the number of degrees on the quadrant 
counting from the horizon to the sun's place, will be the sun's 
altitude. 

Or, by the ANALEMBfA. 

• 

Elevate the pole so many degrees above the horizon as are 
equal to the latitude of the place, and screw the quadrant of 
altitude on the brass meridian, over that latitude ; bring the middle 
of the analemma to the brass meridian, and set the index of the 
hour-circle to twelve ; then, if the given time be before noon, turn 
the globe eastward on its axis as many hours as it wants of noon ; 
but, if the given time be past noon, turn the globe westward as 



* Whenever the pole is elevated for the latitude of the place, the proper motion 
of the globe is from east to west, and the sun is on the east side of the brass meridian 
in the morning, and on the west side in the afternoon ; bat when the pole is 
elevated for the son's declination, the motion is from west to east, and the plaee 
is on the west aide of the meridian in the morning, and on the east side in the 
afternoon* 




■■ troe aumuth, 

rie 33> 3? S^ mt half-past 

, _ h's mmffKOc azimuth vras 

r n M 3L 47 31 V. whit «« the Irae azimuth, the 



, aaMB-«~^^ ^B"- ^SMkiBaAa^BB^^K.it'i^'iilifpc*' twice 



Chap. I. THE TERRESTRIAL GLOBE* 237 



PROBLEM XLV. 

The latitude of the place^ day of the months and the sun*s altitude 
being given^ to find the sun^s azimuth and the hour of the day^ 

Rule. Elevate the pole so many degrees above the horizcm 
as are equal to the latitude of the place, and screw the quadrant 
of altitude on the brass meridian, over that latitude ; brin^ the 
sun's place in the ecliptic to the brass meridian, and set the mdex 
of the hour circle to twelve ; turn the globe on its axis till the 
sun's place in the ecliptic coincides with the given degree of alti- 
tude on the quadrant ; the hours passed over by the index of the 
hour circle will show the time from noon, and the azimuth will 
be found on the horizon, as in the preceding problem. 

Ob, by the analemma. 

Elevate the pole to the latitude (^ the place, and screw the 
quadrant of altitude over that latitude ; bring the middle of the 
analemma to the brass meridian, and set the index of the hour 
circle to twelve ; move the globe and quadrant till the day of the 
month coincides with the given altitude, the hours passed over by 
the index will show the time from noon, and the azimuth will be 
found in the horizon as before. 

ExAJiPLEs. I. At what hour of the day on the 21st of March 
is the sun's altitude 22^^'' at London, and what is his azimuth ? 
The observation being made in the afternoon. 

Anawtr. The time from noon will be found to be 3 hours 30 minutes, and the 
azimuth 59o V from the south towards the west. Had the observations been made 
before noon, the time from noon would hare been 3 1-S hours, tiz. it would hare 
been 30 minutes past eight in the morning, and the azimuth would hare been 
59<> V from the south towards the east.! 



* This problem is only a variation of the preceding j for, bj the nature of spher- 
ical trigonometry, any three of the folio wmg quantities, viz. the latitude m the 
place, the »im'9 decltnafton, aUitude, azinmth, or time of the day, being given, the leat 
may be found, admittinff of several variations. A large collection of Astronomioal 

Problems may be found in Keith's Trigonometry, fourth edition, page 281, Iko. 
^hese problems are useful exercises on tne globes. 

t The learner will observe, that the sun has the same altitude at equal distaneei 
from noon ; hence it is necessary to say whether the observation be inade before or 
after noon, otherwise the problein admits of two answers. 




tmcaE-aL 



Gititm 'htt l/itiauU of 'hr. pl/vf. TTtd rjui li/ajnf tJw. mt>nth,toiad tt 
•rJtuf. htiur 'jir. ntn u ditf. fjut f/r tcrjit. 
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esM,* iind ai th<^ *Arn<; time fmcn noon be will be doe west 
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Or, by the analemma. 

This is exactly the same as above, only, instead of bringing the 
sun's place to the meridian, you bring the analemma there, and, 
instead of bringing the sun's place to the graduated edge of the 
quadrant, the day of the month on the analemma must be brought 
to it. 

Examples. 1. At what hour will the sun be due east at Lon- 
don on the 19th of May ; at what hour will he be due west ; and 
what will his altitude be at these times ? 

Answer, The time from 12, when the son is due east, is 4 hours 54 minutes ; 
hence the sun is due east at six minutes past seven o'clock in the morning, and due 
west at 54 minutes past four in the afternoon ; the sun's altitude will be found at 
the same time, as in Problem XUY. In this example it is 25 "> 26'. 

2. At what hours will the sun be due east and west at London 
on the 21st of June, and on the 21st of December ; and what will 
be his altitude above the horizon on the 21st of June? 

3. Find at what hours the sun will be due east and west, not 
only at London but at every place on the surface of the globe, on 
the 21st of March and on the 23d of September. 

4. At what hours is the sun due east and west at Buenos 
Ayres on the 21st of December ? 



PROBLEM XLVn. 

Owen the surCs meridian altitude^ and the day of the monthy to find 

the latitude of the place. 

RuuB. Find the sun's place in the ecliptic, and bring it to that 
part of the brass meridian which is numbered from the equator 
towards the poles ; then, if the sun was south* of the observer when 
the altitude was taken, count the number of degrees from the sun's 
place on the brass meridian towards the south point of the horizon, 
and mark where the reckoning ends ; bring this mark to coincide 
with the south point of the horizon, and the elevation of the north 
pole will show the latitude. If the sun was north of the observer 
when the altitude was taken, the degrees must be counted in a 
similar manner, from the sun's place towards the north point of 



* It 18 neoessanr to state whether the sun be to the north or south of the ob- 
senrer at noon, otherwise the problem is unlimited. 



9|0 FK>Bi.K3B vunaunD >t rart Hi. 

Ae borizoo. asd the etemioa of tbe south pole w3i ifaow the 



8(d>tnct the saa'a altitmie firxn ninety degrees, the remaioder 
■ the zeiuth distance. IT the sun be south when the altKude ta 
ffi^ap, csU the zenitb dbtance north ; but, if north, call it south ; 
fad the lon'i declination in ao ephemeris* or a tabic of tbe sun's 
Je efi DgtioB, and mark whether it be north or south ; then, if the 
tenkh cSiluice and declinatiwi have the same name, their sum is 
the latitude, but, if they hare contrary names, their difference is 
the latitode, and it is always of tbe same name with the greater 
of the two qnantities, 

ExAMTLBi. 1 . On the lOlh of May, 1825, 1 observed the son's 
meridian ahitude to be 50°, and it was sooth of me at thai time ; 
required tbe latitude of the place. 

JatKtr. ST" 37' north. 



fO 8., ■on'* tltitade tl noon. 

40 N., Ihe zenilh'H dUluice. 

17 17 N., the niD'B declmauon lOlh May, 1835. 

S7 37 N., the laliinde aoogbt. 
S. On the 10th of May, 1825, the sun's meridian altitude was 
observed to be 50°, and it was north of the observer at that time ; 
required the latitude of the place. 

Aitutr. 32 ■ ay aoulfa. 

9»> !>■ 

50 ON., Min'a altitDde U 



33 S3 S., Iha latitude Bought 
3. On the 5th of August 1825, the sun's meridian altitude was 
observed to be 74* 30' north of the observer ; what was the lat- 
itude ? 



ia the Nautical AlmaDac, or White's 
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4. On the 19th of November, 1825, the sun's meridian altitude 
was observed to be 40** south of the observer ; what was the 
latitude ? 

5. At a certain place, where the clocks are two hours faster 
than at London, the sun's meridian altitude was observed to be 
30 degrees to the south of the observer on the 21st of March ; 
required the place. 

6. At a place where the clocks are five hours slower than at 
London, the sun's meridian altitude was observed to be 60^ to 
the south of the observer on the 16th of April, 1825 ; required 
the place. 

PROBLEM XLVIIL 

The length of the longest day at anyplace, not within the polar 
circles^ being given, to find the latitude of that place. 

Rule. Bring the first point of Cancer or Capricorn to the brass 
meridian (according as the place is on the north or south side of 
the equator), and set the index of the hour circle to twelve ; turn 
the globe westward on its axis till the index of the hour circle has 
passed over as many hours as are equal to half the len^h of the 
day ; elevate or depress the pole till the sun's place (viz. Cancer 
or Capricorn) comes to the horizon ; then the elevation of the 
pole will show the latitude. 

Note. This problem will answer for any day in the year, as wdl as the longest 
day, by bringing the sun's place to the brass meridian and proceeding as above. 

Or, bring the middle of the analemma to the brass meridian^ and set the index 
of the hour circle to 12; turn the globe westward on its axis till the index has 
passed over as many hours as are equal to half the length of the day ; elevate or 
depress the pole till the day of the month coincides with the horizon, then the 
elevation of the pole will show the latitude. 

Examples. 1. In what degree of north latitude, and at what 
places is the length of the longest day 16^ hours ? 

•/flnmoer. In latitude 52 ', and all places situated on, or near that parallel of 
latitude, have the same length of day. 

2. In what degree of south latitude, and at what places is the 
longest day 14 hours / 

3. In what degree of north latitude is the length of the longest 
day three times the length of the shortest night ? 

4. There is a town in Norway where the longest day is five 
times the length of the shortest night ; pray what is the name of 
the town ? 

31 
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5. In what latitude north does the sun set at seven o'clock on 
the 5th of April ? 

6. In what latitude south does the sun rise at five o'clock on 
the 25th of November ? 

7. In what latitude north is the 20th of May 16 hours longt 

8. In what latitude north is the night of the I5th of August 10 
hours long ? 

PROBLEM XLIX. 

The latitude of a place and the day of the month being given, to 
Jind how much the sun^s declination must vary to make the day 
an hour longer or shorter than the given day. 

Rule. Find the sun's declination for the given day, and devote 
the pole to that declination ; bring the given place to the brass 
meredian, and set the index of the hour circle to twelve ; turn 
the globe eastward on its axis till the given place comes to the 
horizon, and observe the hours passed over by the index. Then, 
if the days be increasing, continue the motion of the globe east- 
ward till the index has passed over an other half-hour, and raise 
or depress the pole till the place comes again into the horizon, the 
elevation of the pole will show the sun's declination when the day 
is an hour longer than the given day ; but, if the days be decreas- 
ing, after the place is brought to the eastern part of the horizon, 
turn the globe westward till the index has passed over half-an- 
hour, then raise or depress the pole till the place comes a second 
time into the horizon, the last elevation of the pole will show the 
sun's declination when the day is an hour shorter than the given 
day. 

Or, 

Elevate the pole to the latitude of the place, find the sun's place 
in the ecliptic, bring it to the brass meridian, and set the index of 
the hour circle to twelve : turn the globe westward on its axis till 
the sun's place comes to the horizon, and observe the hours passed 
over by the index ; then, if the days be increasing, continue the 
motion of the globe westward till the index has passed over an 
other half-hour, and observe what point of the ecliptic is cut by 
the horizon ; that point will show the sun's place when the day 
is an hour longer than the given day, whence the declination 
is readily found ; but, if the days be decreasing, turn the globe 
eastward till the index has passed over half-an-hour, and observe 
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what point of the ecliptic is cut by the horizon; that point 
will show the sun's place when the day is an hour shorter than 
the given day. 

Or, by the analemma. 

Proceed exactly the same as above, only, instead of bring- 
ing the sun's place to the brass meridian, bring the analemma 
there, and instead of the sun's place, use the day of the month 
on the analemma. 

Examples. 1. How much must the sun's declination vary 
that the day at London may be increased one hour from the 
24th of February ? 

Answer, On the 24th of February the sun's declination is 9^ 38' south, and the 
sun sets at a quarter past five ; when the sun sets at three quarters past five, his 
declination will be found to be about 4^ south answering to the tentn of March : 
hence the declination has decreased 5 23^, and the days nave increased 1 hour in 
14 days. 

2. How much must the sun's declination vary that the day at 
London may decrease one hour in length from the 26th of July ? 

Answer, The sun's declination on the 26th of July is 19o 38' north, and the sun 
sets at 49 min. past seven ; when the sun sets at 19 minutes past seven, his decli- 
nation will be found to be 14 43' north, answering to the l3tn of August : hence 
tiie declination has decreased 5° 55^, and the days have decreased cne hour in 18 
days. 

3. How much must the sun's declination vary from the 5th 
of April, that the day at Petersburg may increase one hour? 

4. How much must the sun's declination vary, from the 4th of 
October, that the day at Stockholm may decrease one hour? 

5. What is the difference in the sun's declination, when he rises 
at seven o'clock at Petersburg, and when he sets at nine ? 



PROBLEM L. 

To find the surCs right ascension^ oblique ascension, oblique 
descension, ascensional difference, and time of rising and setting 
at any given place, the day of the month being given. 

Rule. Find the sun's place in the ecliptic, and bring it to 
that part of the brass meridian which is numbered from the equa- 
tor towards the poles ;* the degree on the equator cut by the 



* The degree on the meridian above the sim's place is the son's dedinition. 
Bee ProMem XX. 
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mdoiled edge of the brass meridian, reckoning firom the point 
AntM eastward, will be the son's right ascension. 

Elevate the poles so many d^rees above the horizon as are 
equal to the latitade of the place, bring the sun's place in the 
ecliptic to the eastern part of the horizon,* and the degree oo 
the equator cot by the horizon, reckoning from the point Aries 
eastward, will be the son's oblique ascension. Bring the sun's 
place in the echptic to the western part of the horizon,^ and the 
degree on the equator cut by the horizon, reckoning from the 
point Aries eastward, will be the sun's oblique descension. 

Find the difierence between the sun's right and oblique ascen- 
sion, or, which is the same thing, the difference between the 
right ascension and oblique descension, and turn this difference 
into time by multiplying by four,J then, if the sun's declination 
and the latitude of the place be both of the same name, viz. both 
north or both south, the sun rises before six amd sets after six, by 
a space of time equal to the ascensional difference ; but if the 
son's declination and the latitude be of contrary names, viz. the 
one north and the other south, the sun rises after six and sets be- 
fore m. 

Examples. 1. Required the sun's right ascension, oblique as- 
cension, oblique descension, ascensional difference, and time of 
rising and setting at London, on the 15th of April ? 

'^'*^'^- ,. J**® "^^! ascension is 23^ 30', the oblique ascension is 9° 45' the as- 
censional difference (23^ 30'- 9 45'=) 130 45', or 55 minutes of time conse- 
quently the sun rises 55 mmutes before six, or 5 minutes past 5, and sets 55 min- 
utes past 6. The oblique descension is 37° 15'; consequently the descensional 
difference is (37 > 1 5'-23o 30^=) 13^ 45' the same as the ascensional difference. 

2. What are the sun's right ascension, oblique ascension, and 
oblique descension, on the 27th of October at London ; what is 
the ascensional difference, and at what time does the sun rise 
and set ? 

3. What are the sun's right ascension, declination, oblique as- 
cension, rising amplitude, oblique descension, and setting ampli- 
tude at London, on the 1st of May ; what is the ascensional dif- 
ference, and at what time does the sun rise and set ? 

4. What arc the sun's right ascension, declination, oblique as- 
cension, rising amplitude, oblique descension, and setting ampli- 



♦ The rising amplitude may be seen at the same time. See Problem XLIII. 
f The setting amplitude may here be seen. Vide Problem XLIII 
t See Problem XVIII. 
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tude at Petersburg, on the 21st of June ; what is the ascensional 
difference, and at what time does the sun rise and set ? 

5. What are the sun's right ascension, declination, oblique as- 
cension, rising amplitude, oblique descension, and setting ampli- 
tude, at Alexandria, on the 21st of December : what is the ascen- 
sional difference, and at what time does the sun rise and set ? 



PROBLEM LI. 

Given the day of the month and the suris amplitude^ to find the 

latitude of the place of observation. 

Rule. Find the sun's place in the ecliptic, and bring it to the 
eastern or western part of the horizon (according as the eastern 
or western amplitude is given) ; elevate or depress the pole till 
the sun's place coincides with the given amplitude on the horizon, 
then the elevation of the pole will show the latitude. 

Or, thus : 

Elevate the north pole to the complement"* of the amplitude, 
and screw the quadrant of altitude upon the brass meridian over 
the same degree : bring the equinoctial point Aries to the brass 
meridian, and move the quadrant of altitude till the sun's declina- 
tioD for the given day (counted on the quadrant) coincides with 
the equator; the number of degrees between the point Aries 
and the graduated edge of the quadrant will be the latitude 
sought. 

ExAifPLES. 1. The sun's amplitude was observed to be 39"" 48' 
from the east towards the north, on the 21st of June ; required 
the latitude of the place ? 

Antwer, 51o 32^ north. f 

2. The sun's amplitude was observed to be 15° 30' from the 



* The complement of the amplitude is found by subtractins the amplitude from 
9(P. This rule is exactly the same as above ; for it is formed from a right-angled 
spherical triangle, the base being the complement of the amplitude, the perpendio- 
ular the latitude of the place; and the hypothenuse the complemeot ot the mn^ 
declination. 

t See KeUkU TVtfonomelry, fourth edition, page 285. 
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eaft towards the north, at the same time his dedication was 15* 
30' ; required the latitude. 

3. On the 29th of may, when the sun's declination was 31** 30' 
north, his rising amplitude was known to be 22'* northward of the 
east ? required the latitude. 

4. When the sun's declination was 2'* north, his rising ampli- 
tude was 4** north of the east ; required the latitude. 



PROBLEM LII. 

Given two observed altitudes of the sun, the time elapsed between 
them, and the sun^s declination, to find the latitude. 

Rule. Find the sun's declination, either by the globe or an 
ephemeris ; take the number of degrees contained therein from 
the equator with a pair of compasses, and apply the same num- 
ber of degrees upon the meridian passing through Libra* from 
the equator northward or southward, and mark where they ex- 
tend to ; turn the elapsed time into degrees,-!- and count those de- 
grees upon the equator from the meridian passing through Libra ; 
bring that point of the equator where the reckoning ends to the 
graduated edge of the brass meridian, and set off the sun's decli- 
nation from that point along the edge of the meridian, the same 
way as before ; then take the complement of the first altitude 
from the equator in your compasses, and, with one foot in the 
sun's declination, and a fine pencil in the other foot, describe an 
arc ; take the complement of the second altitude in a similar man- 
ner from the equator, and with one foot of the compasses fixed 
in the second point of the sun's declination, cross the former arc ; 
the point of intersection brought to that part of the brass meridian 
which is numbered from the equator towards the poles, will stand 
under the degree of latitude sought.J 



♦ Any meridian will answer the purpose as well as that which passes through 
Libra; on Adam's and on Gary's globes this meridian is divided like the brass 
meridian. 

t See the method of turning time into degrees. Prob. XIX. 

i The calculation of this problem by spherical trigonometry, and also the ana- 
lytical calculation are given in Emerson's Algebra, pages 446, and 447, second 
edition. In applying the problem to Nautical Astromomy it is usual to give also 
the latitude by account, from which the true latitude is obtained by correctiye ap- 
proximation. ^ 
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Examples. 1. Suppose on the 4th of June 1825, in north 
latitude, the sun's altitude at 29 minutes past 10 in the forenoon^ 
to be 65*^ 24', and 31 minutes past 12, 74° 8' : required the latitude. 

Annoer. The sun's declination is 22«» 26^ north, the elapsed time two hours two 
minutes, answering to 30 SC ; the complement of the first altitude 24* 36', the 
complement of the second altitude 15° 52', and the latitude sought 36° 57' north. 

2. * Given the sun's declination 19° 39^ north, his altitude in 
the forenoon 38^ 19', and, at the end of one hour and a half, the 
same morning, the altitude was SO'' 25' ; required the latitude of 
the place, supposing it to be north. 

3. When the sun's declination was 22° 40' north, his altitude at 
lOh. 54m. in the forenoon was 53"^ 29", and Ih. 17m. in the af- 
ternoon it was 52° 48' ; required the latitude of the place of ob- 
servation, supposing it to be north. 

4. In north latitude, when the sun's declination was 22^ 23' 
south, the sun's altitude in the afternoon was obsei*ved to be 14^ 
4&, and after Ih. 22m. had elapsed, his altitude was 8^ 27' ; re- 
quired the latitude. 



PROBLEM Llll. 



The day and hour being given when a solar eclipse will happen^ 

to find where it will he visible. 

Rule. Find the sun's declination, and elevate the pole agree- 
ably to that declination ; bring the place at which the hour is 
given to that part of the brass meridian which is numbered from 
the equator towards the poles, and set the index of the hour circle 
to twelve ; then, if the given time be before noon, turn the globe 
westward till the index has passed over as many hours as the 
given time wants of noon ; if the time be past noon, turn the globe 
eastward as many hours as it is past noon, and exactly under the 



* A great variety of examples accurately calculated by a general rule, without 
an aBsanied latitude, may be seen in KtUh^t 7V%ofioiii«lry, fourth edition page 
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degree of the sun's declination on tlie brass meridian you will find 
ihe place on the globe where ihe sun will be vertically eclipsed* : 
at alt places within 70 degrees of this place, the eclipse may^ be 
visible, especially if it be a total eclipse. 

Example. On the llih of February, 1804, at 27 mln. past ten 
o'clock in the morning at London, there was an eclipse of the sun: 
where was it visible, supposing the moon's penumbriil shadow to 
extend northward 70 degrees from the place where the sun was 
vertically eclipsed 1 

Anaeer. London, &c For more examples consult the TabTo of Eclipses, fbl- 
lowiog ths neit ptoblein. 



PROBLEM LIV. 

The day and Itour being given to/ten a lunar eciipse will happen, 
to jtiut where it vnll be visible. 

RrLB. F^nd the sun's declination for the given day, and note 
whether it be north or south ; if it be north, elevate the soatA 
pole so many degrees above the horizon as are equal to the de- 
clination ; if it be south, elevate the north pole in a similar man- 
ner; bring the place at which the hour is given to that part of the 
brass meridian which is numbered from the equator towards the 
poles, and set the index of the hour circle to twelve ; then, if the 
given time be before noon, turn the globe westward as many 
hours as it wants of noon ; if after noon, turn the globe eastward 
as many hours as it is past noon ; the place exactly under the 
degree of the sun's declination will be the antipodes of the place 
where the moon is vertically eclipsed, set the index of the hour 
circle again to twelve, and turn the globe on its axis till the index 
has passed over twelve hours : then to all places above the hori- 
zon the eclipse will be visible ; to those places along the western 
edge of the horizon, the moon will rise eclipsed ; to those along 
the eastern edge she will set eclipsed ; and to that place immedi- 



* The oflectarpacallaiig so great, that an eclipse ma; not be tisible et 



earth's Biirrace under (he penumbral shadow Is 70° 30'; but the breadth of this 
shadow is variable ; and ifll be not accurately determined by colculation, it is im- 
:li„ .„ ^gji iij jjjy globe Id whni exlenl an eclipse of Ihe sun will hi ' " 
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ately under the degree of the sun's declination, reckoned towards 
the elevated pole, the moon will be vertically eclipsed. 

Example. On the 26th of January 1804, at 58 min. past seven 
in the afternoon at London, there was an eclipse of the moon ; 
where was it visible ? 

jfiutoer. It was visible to the whole of Eqrope, Africa, and the continent of 
Asia. For more examples see the following Table of Eclipses. 

Note. The substance of the following Table of Eclipses was extracted from 
Dr, HviUnCt translation of Moniuda?8 edition of OzananCs Mathematical and Physical 
ReertatUmiy published by Mr. Kearsley in Fleet-street. These eclipses were 
originally calculated by M. Pingr6, a member of the Academy of Sciences, and 
published .in L' ^t de verifier Us Dates, In classing these tables the arrangement 
of Mr. Ferguson has been followed ; see page 267 of his Astronomy, where a cat- 
alogue of the visible eclipses is given from 1700 to 1800, taken from L* Art de verp- 
Jier Us Dates, It may be necessary to inform the learner, that the times of these 
eclipses, as calculated by M. Piner^, are not perfectly accurate, and were only de- 
signcMJ to show nearly the time when an eclipse may be expected to happen. The 
limits where these eclipses are visible are generally from the tropic of Cancer in 
Africa, to the northern extremity of Lapland, and from the 5th degree of north lat- 
itude in Asia, to the north polar circle ; though some few of them are visible be- 
yond the pole. In longitude, the limits are the fifth and 155th meridians, supposing 
the 20th to pass throush Paris; hence it appears that they are calculated for the 
meridian of Ferro ; which will make their hmits from London to be from 12 46^ 
west long, to 137° 14' east. M. Pingr6 says, that an eclipse of the sun is visible 
from 32<* to 64° north, and as far south of the place where it is central. In the fol- 
lowing table the moon is represented by O, the sun bj^ @, T stands for total, P for 
partial M for morning, ana A for afternoon, the rest is obvious. 
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PROBLEM LV, 

To find Uietimeofthe year when the Sunor Moon will be liable to 

be eclipsed. 

Rule. Find the place of the moon's nodes, the time of new 
moon^ and the sun's lon^tude at that time, by an ephenSeris ;* 
then if the sun be within 17 degrees of the moon's node, there 
will be an eclipse of the sun. 

2. Find the place of the moon's nodes, the time of full moon, 
and the sun's longitude at tliat time, by an ephemeris ; then if the 
sun's longitude be within 12 degrees of the moon's node, there 
will be an eclipse of the moon. 

Or, without the ephemeris. 

The mean annual variation of the moon's nodes is 19** 19' 44" 
{page 147) and the place of the node for the first of January 
• 1825 being 29° 42 in /, its place for any other time may there- 
fore be found. 

The time of new moon may be found as directed at page 176, 
and the sun's longitude is the sun^s place in the ecliptic.f The 
rest may be found as above. 

Examples. 1. On the 21st of May, 1826, there will be a 
full moon, at which lime the place of the Moon's node is 2^ 56' 
in / , and the sun's longitude y 29*^ 58' ; will an eclipse of the 
moon happen at that time ? 

Answer. Here the sun's longitude is within 3 degrees Dearly of the moon's node, 
therefore there will be an ecUpse of the moon. — When the sun is in one of the 
moon's nodes at the time of full moon, the moon is in the other node, and the 
earth is directly between them. 

2. It appears from the table {page 181) that there will be a 
new moon on the 6th of May, 1826, at which time the place of 
the moon's node will be t 3° 45', and the sun's longitude b 15* 58' ; 
will there be an eclipse of the sun at that time ? 

3. There will be a new moon on the 5th of June, 1826, at 
which time the place of the moon's node will be / 2^ 8' and the 



* White's Ephemeris, or the Nautical Almanac. 

t The moon's longitude may be found thus: multiply 12^ 11' 6" by the moon's 
age (see pages 91 and 176), the product will give the number of degrees by which 
the moon's longitude exceeds that of the sun. 
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sun's longitude n 14° 27' ; will there be an eclipse of the sun at 
that time ? 

4. On the 14th of November 1826, there will be a full moon, 
at which time the place of the moon's node will be tn 23" 34', and 
the sun's longitude v\ 21° 4T: will there be an eclipse of the 
moon at that time ? 

5. On the 28th of November 1826, there will be a new moon 
at which time the place of the moon's node is v\ 22° 44 , and the 
sun's longitude / 6° 46' ; will there be an eclipse of the sun at 
that time 1 

6. On the 28th of December 1826, there will be a new moon, 
at which time the place of the moon's node is n^ 21" 14', and the 
sun's longitude V3 6* 44' ; will there be an eclipse of the sun at 
that time ? 



PROBLEM LVI. 

To explain the phenomenon of the harvest moon. 

Dbpinition 1. The harvest moon, in north latitude, is the 
full moon which happens at, or near, the time of the autumnal 
equinox ; for, to the inhabitants of north latitude, whenever the 
moon is in Pisces or Aries (and she is in these signs twelve times 
in a year,) there is very little difference between her times of ris- 
ing for several nights together, because her orbit is at these times 
nearly parrallel to the horizon. This peculiar rising of the moon 
passes unobserved at all other times of the year except in Sep- 
tember and October; for there never can be a full moon except 
the sun be directly opposite to the moon ; and as this particular 
rising of the moon can only happen when the moon is in ^ Pices 
or <f Aries, the sun must necessarily be either in nj Virgo or ^ 
libra at that time, and these signs answer to the months of Sep- 
tember and October. 

Defdotion 2. The harvest moon, in south latitude, is the full 
moon which happens at, or near, the time of the vernal equinox ; 
for, to the inhabitants of south latitude, whenever the moon is in 
xtji Virgo or ^ Libra (and she is in these signs twelve times in the 
year), her orbit is nearly parallel to the horizon ; but when the 
foil moon happens in nj; Virgo or eoi Libra, the sun must be either 
in 3£ Pisces or ^f. Aries. Hence it appears that the harvest moons 
are just as regular in south latitude as they are in north latitude, 
only they happen at contrary times of the year. 



RoLi roR rKBFQKiiixo tbk raoBLm. — I. For north latitude 
Elevue Ihe nonit [hjIc Io the )amud« of tbe place, put a patch or 
make » maffc id the ecliptic on tbe potnl An^s, uid upon every 
Iwelrtt* degree* preceding tad fbllonii^ that point, tiil there be 
leu or eieveo nivis ; bring that inarfc which & Dearest to Pisces 
to the ea^iierD edg« of ibe boruoo, and set tbe index to 1'2 ; turn 
the globe westward uJl the other imrks succedsively come to the 
\K*maa, and observe the bour^ pa^ed over by tlie index ; the in- 
Icrvala of liine lieiweeD tbe marks coming to tbe borixon will 
■how the diumal ditTereDCc of lime between liie moon's rising. 
If t^Mde marks be brought to (be western edge of ibe horizon in 
tbe same manner, you will see the diurnal difference of time be* 
tween the mofxi's setting; for, when there is tbe smallest differ- 
ence between tbe limes of the moon's rising.t there will be the 
greatest diSerence between the times of her setting ; and, on the 
contrary, when there is the greatest difference between the times 
of tbe moon'i rising, there will be the least di&rei>ce betweea _i 
tbe times of her setting. ^^1 

TfoTi- Aa the moon'i nodei vtrf Lbcii poeiliba uid (bnn > complete rcToliilJOR 
io alMiut nineteen jean, there vitl be b rcguUr ^riod of mil the Tuietrea which on 
iwppea in the linne ami •elling of Ihe iDuon during that time. The IbJIoiring Ubte 
(ennclcd from Fagatoa'* Aanmoiaj) ibowf in what years tbe h&neat moons 
are the leul and mosl benclvrJal, with rcfFard to the limes of Iheir rising fiani lgS3 
Io 1S60. Th.' mliinis of y..ars un(k-r ihr U-iU r L arc iIi.,ff In whEch ihi-. liBjvesl 
moons are least bcncfipial,'bcrc3ii9e the; fall about the dcacending node ; and iboae 
under M are Ihcmost bpncliciat, because the; fatJ about tbe ascending node. 
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2. Fur south latitude. Elevate the s,ouih pole to the latitude of 
the place, put a patch or make a mark on the ecliptic on the point 
Librii, and upon every twelve degrees preceding and following 
that point, till there be ten or eleven marks; bring that mark 
which is nearest to Virgo, to the eastern edge of the horizon, and 



■ The reoaon why you mark every 12 degrees ia, that the raooa g 
the Bun in Iho ecliptic every day (see the 2d note, p. 80.) 

t At London, when Ihe moon riaea in Ihe point Aries, Ihe eclipti 
makes an an^le of only 15 degrees with tbe horizon, but when ■ 
point Aries, il makes an tiiEle of 62 degreee: and when the moo 
point Libra, the ecliptic, al t 
rizon ; but, when she sets in 

with the hohion. 
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set the index to 13 ; turn the globe westward till the other marks 
successively come to the horizon, and observe the hours passed 
over by the index ; the intervals of time between the marks 
coming to the horizon, will be the diurnal difference of time 
between the moon's rising, &;c. as in the foregoing part of the 
problem.* 

PROBLEM LVII. 

The day and hour of an eclipse of any one of the satellites of 
Jupiter being given, to find upon the globe au those places where 
it wiU be visible. 

Rule. Find the sun's declination for the given day, and elevate 
the pole to that declination ; bring the place al which the hour 
is given to the brass meridian, and set the index of the hour 
cfarcle to 12 ; then, if the given time be before noon, turn the 
globe westward as many hours as it wants of noon ; if after 
noon, turn the globe eastward as many hours as it is past noon ; 
fix the globe in this position : Then, 

1. If Jupiter rise after the sun% that is if tie be an evening star, 
draw a line along the eastern edge of the horizon with a black lead 
pencil, this line will pass over all places on the earth where the 
sun is setting at the given hour ; turn the globe westward on its 
axis till as many degrees of the equator have passed under the 
brass meridian as are equal to the difference between the sun's 
and Jupiter's right ascension; keep the globe from revolving on 
its Sfxis, and elevate the pole as many degrees above the horizon 
as are equal to Jupiter^s declination, then draw an other line with 
t pencil along the eastern edge of the horizon : the eclipse will 
be visible to every place between these lines, viz. from the time 
of the sun's setting to the time of Jupiter's setting. 

2. ^fypiter rise before the sunX, that is, if he be a morning star, 
draw a line along the u)est€m edge of the horizon with a black lead 



^*MMp^m 



* This solation is on a supposition that the moon keeps constantly in the 
ectiptic, whidi is sufficiently accurate for illustrating the problem. Otherwise the 
latitiida %nd longitude of the moon, or her right asconmon and decUnation, may be 
taken from the Ephemeris, at the time of full moon, and a few days preceding and 
following it ; her place will then be truly marked on the globe. 

t Jupiter rises aflei; the sun, when his longitude is greater than the sun's 
longiladQ« 

t J«|n(M RMS bafeve the nm^ whAn Ittft longitttde k lew than ihs sun^i 
longHode. 




i, tUt Ytim wdl pnm nmw M pfaeca -W ii>e •^antt n 







I. On tiK 13th of fiiwij. 181 

>^ (he ItrM tateCiW of JopAerai 9 ■ 



Xkc pMt fire 



__ — . ^ ^ mmmmg liar, Ih^ 

i>Tdwjri«M<,li»i»- — , .. - 

put of Eoop^ 



IIm MMw tM trt'/nslrl In lb* 

*( M* ifuJlntlffD ;• IMKf hi* I 

fNim AftH. 'Him •»)»■* •■_ .._.._ _ 
Hm wmt or Afr)M, (Japs VaMi I<laa4^ he. 



*X thith IHtl, of Jdriiian.-. 1*26. ai 4in. 49 sec. past three 
i^i-UiiU III lli'^ fri'imirig ill (Ireenwicb, there will be an imineTsioD 
'if Iln5 tif"f niiiirllit'; fif Jij|iiler ; where will the eclipse be visible 1 
Jii|ii)<T*a I'liini'tult; nt Kint lime being 5 signs 13' 51' and his 



(Inrhin 



'J 7" :(:t north. 



:i. On thi< Mliti of April, IH^f), at 5 m. 5 sec. past four o'clock 
in till) miirijiriK. nl (irccnwich, there will be an emersioQ of (he 
drat Biilrlliir of .Iitpiiiir ; whore will the eclipse be visible? 
.Iiipilnr'a 1'iii|fiiiii|r lit tliut lime being 5 signs 4° 55' anti his 
•li'iliimtj.m ll'iionh. 

4. <»ii llip yilth of Nnvrmlmr, 18^6, at 31 min. 13 sec. past 
niiir o'rIiH-k in llin nmrning, ot Greenwich, there will be an 
iinnint'iiiNi of thn biicihiiI milollite of Jupiter; where will the 
D'lipMn lip vi«ihlr I .liigiilcr's longitude at that lime being 6 signs 
?^:IH, iitn) hix ik<<'liiiiilii>n V CiT north. 



1 HiiM'o'ili"" lliil Jiipittr move* in (ha vcliplic and as he deviates but 
III, IliK miliilioii Uy llii* mnihoil will he DiilBcirnllf accurate. To 
I'llpO" ol' anir nn* i<l' tha mIcIIiIm of Jupiler will be visible at an; 
ra liWtail bf Ih* Naulieal Almanac (o ''find wheilw Jnpiier be SS° 
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PROBLEM LVIII. 

2b place the terrestrial globe in the sunshine, so that it may 
represent the natural position of the earth, 

Rule. If you have a meridian line* drawn upon a horizontal 
plane, set the north and south points of the wooden horizon of the 
globe directly over this line ; or, place the globe directly north 
and south by the mariner's compass, taking care to allow for the 
variation ; bring the place in which you are situated to the brass 
meridian, and elevate the pole to its latitude ; then the globe will 
correspond in every respect with the situation of the earth itself. 
The poles, meridians, parallel circles, tropics, and all the circles 
on the globe, will correspond with the same imaginary circles in 
the heavens ; and each point, kingdom, and state, will be turned 
towards the real one, which it represents. 

While the sun shines on the globe, one hemisphere will be en- 
lightened, and the other will be in the shade : thus, at one view, 
may be seen all places on the earth which have day, and those 
which have night. f 

If a needle be placed perpendicularly in the middle of the en- 
lightened hemisphere, (which must of course be upon the parallel 
of the sun's declination for the given day,) it will cast no shadow, 
which shows that the sun is vertical at that point; and if a line 
be drawn through this point from pole to pole, it will be the 
meridian of the place where the sun is vertical, and every place 
upon this line will have noon at that time ; all places to the west 
ot this line will have morning, and all places to the east of it af- 
ternoon. Those inhabitants who are situated on the circle which 
is the boundary between light and shade, to the westward of the 
meridian where the sun is vertical, will see the sun rising ; those 
in the same circle to the eastward of this meridian will see the sun 
setting ; those inhabitants towards the north of the circle, which 
is the boundary between light and shade, will perceive the sun to 
the southward of them, in the horizon ; and those who are in the 



^ A a meridian line is useful for fixing a horizontal dial, and for placing a globe 
directly north and south, &c. the different methods of drawing a line of this kind 
will precede the problems on dialling. 

t For this part of the problem it would be more convenient if the globe could be 
properly supported without the frame of it, because the shadow of its stand, and 
that of Its horizon, will darken several parts of the surface of the globei which would 
otherwifle be enlightened* 
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same circle towards tlie south, wiJI see the sun iu a similar man- 
ner to tlic norih ofthem. 

If the sun shine beyond the north pole at the given time, his 
declination is as ninny degrees north aa he shines over the pole ; 
and all places at that distance from the pole will have constant 
day, till the sun's declination decreases, and those at the same dis- 
tance from the south pole will have constant night. 

If the sun do not shine so far as the north pole at the given time, 
his declination is as many degrees south as the enlightened part 
is distant from the pole ; and all places within the shade near the 
pole, will have constant night, till the sun's declination increases 
northward. While the globe remains steady in the position it 
was first placed when the sun is westward of the meridian, you 
may perceive on the east side of it, in what manner the sun grad- 
ually departs from place to place as the night approaches ; and 
when the sun is eastward of the meridian, you may perceive on 
the western side of it, in what manner the sun advances from 
place to place as the day approaches. 



PROBLEM LIX. 

The latitude of a place ht-ing given, to find the hour of lite day at 
any time w/ien the suh shines. 

Rule. 1. Place the north and south points of the horizon of 
the globe directly north and south upon a horizontal plane, by a 
meridian line, or by a mariner's compass, allowing for the varia- 
tion, and elevate the pole to the latitude of the place ; then, if the 
place be in north latitude, and the sun's declination be north, 
the sun will shine over the north pole ; and if a long pin be fixed 
perpendicularly in the direction of the aiis of the earth, and in the 
centre of the hour circle, its shadow will fall upon the hour of 
the day, the figure XII of the hour circle being first set to the 
brass meridian. If the place be in north latitude, and the sun's 
declination be above ten degrees south, the sun will not shine up- 
on the hour circle at the north pole. 

Rule 2. Place the globe due north and south upon a horizon- 
tal plane, as before, and elevate the pole to the latitude of the 
place ; find the sun's place in the ecliptic, bring it to the brass 
meridian, and set the index of the hour circle to XII ; stick a nee- 
dle perpendicularly in the sun's place in the ecliptic, and turn the 
globe on ita axis tilt the needle casts no shadow ; fix the globe in 



r^r\ 
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this position and the index will show the hour before 12 in the 
morning, or after 12 in the afternoon. 

Rule 3. Divide the equator into 24 equal parts from the point 
Aries, on which place the number VI ; and proceed westward 
VII, VIII, IX, X, XI, XII, I, II, III, IV, V, VI, which will fall 
upon the point Libra, VII, VIII, IX, X, XI, XII, I, II, III, IV, 
V* ; elevate the pole to the latitude, place the globe due north 
and south upon a horizontal plane, by a meridian line, or a good 
mariner's compass, allowing for the variation, and bring the point 
Aries to the brass meridian ; then observe the circle which is the 
boundary between light and darkness westward of the brass me- 
ridian ; and it will intersect the equator in the given hour in the 
morning ; but, if the same circle be eastward of the meridian, it 
will intersect the equator in the given hour in the afternoon. 

Or, Having placed the globe upon a true horizontal plane, set 
it due north and south by a meridian line ; elevate the pole to the 
latitude, and bring the point Aries to the brass meridian, as be- 
fore ; then tie a small string, with a noose, round the elevated 
pole, stretch its other end beyond the globe, and move it so that 
the shadow of the string may fall upon the depressed axis : at 
that instant its shadow upon the equator will give the hour.f 



PROBLEM LX. 

To find the sun's altitude, by placing the globe in the sunshine. 

Rule. Place the globe upon a truly horizontal plane, stick a nee- 
dle perpendicularly over the north pole J, in the direction of the 
axis of the globe, and turn the pole towards the sun, so that the 
shadow of the needle may fall upon the middle of the brass 



'*' On .Adams* globes the antarctic circle is thus divided, by which this problem 
may be solved. 

t The learner must remember that the time showft in this problem is solar time, 
as shown by a sun dial ; and, therefore, to agree with a good clock or watch, it 
must be corrected by a table of equation of time. See a table of this kind among 
the succeeding problems. 

I It would be an improvement on the globes were, our instrument-makers to drill 
a very small hole in the brass meridian over the north pole. 
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PROBLEM LXIII. J 

To make a koi-izonlal dial for any latitude. 

Deftnitiosb and Observations. — Dialling, or the art of 
Cftnslructing dials, is founded en(irely on astronomy ; and, as the 
art of measuring time is of the greatest importance, .so the art of 
dialling was formerly held in lire highest esteem, and the study of 
it was nwltivated by all persons who had any pretensions to sci- 
ence. Since the invention of clocks and watches, dialling has not 
been so much attended to, though it will never be entirely neg- 
lected ; for, as clocks and watches are liable to stop and go wrong, 
that unnerring instrument, a true sun-dial, is used to correct and 
to regulate lliem. 

Suppose the globe of the earth to be transparent (as represent- 
ed by Fig. ■i. in Plate \\) with the hour circles, or meridians, &c. 
drawn upon it, and that it revolves round a real asis ns, which is 
opaque and casts a shadow ; it is evident that, whenever the edge 
of the plane of anv hour circle or meridian points exactly to the 
sun, the shadow of the axis will fall upon the opposite hour cir- 
cle or meridian. Now, if we imagine any opaque plane to pass 
through the centre of this transpacent globe, the shadow of half 
the axis ne will always fall upon one side or other of this inter- 
secting plane. 

Lei ABCD represent the plane of the horizon of London, bn 
the elevation of the pole or latitude of the place : so long as the 
sun is above the horizon, the shadow of the upper half ne of the 
axis will fall somewhere upon the upper side of the plane abcd. 
When the edge of the plane of any hour circle, as f, a, h, i, k, l, 
H, o, points directly to the sun, the shadow of the axis, which axis 
is coincident with this plane, marks the respective hour line 
upon the plane of the horizon abcd : the hour line upon the hori- 
zontal plane is, therefore, a line drawn from the centre of it, to 
that point where this plane intersects the meridian opposite to 
that on which the sun shines. Thus, when the sun is upon v, the 
meridian of London, the shadow of ke the axis will fall upon b, 
XII, By the same method, the rest of the hour lines are found, 
by drawing, for every hour a line from the centre of the horizon- 
tal plane to that meridian, which is diametrically opposite to the 
meridian pointing exactly to the sun. If, when the hour circles 
are thus found, all the lines be taken away except the semi-axis 
NE, what remains will be a horizontal dial for the gireD place. 
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From what has been premised, the following observations natu- 
rally arise : 

1. The gnomon of every sun-dial must always be parallel to 
the axis of the earth, and must point directly to the two poles of 
the world. 

2. As the whole earth is but a point when compared with the 
heavens, therefore, if a small sphere of glass be placed on any 
part of the earth's surface, so that its axis be parallel to the axis 
of the earth, and the sphere have such lines upon it, and such a 
plane within it as above described ; it will show the hour of the 
day as truly as if it were placed at the centre of the earth, and 
the body of the earth were as transparent as glass. 

3. In every horizontal dial the angle which the style, or gno- 
mon, makes with the horizontal plane, must always be equal to 
the latitude of the place for which the dial is made. 

Rule for performing the problem. — Elevate the pole so 
many degrees above the horizon as are equal to the latitude of the 
place ; bring the point Aries to the brass meridian ; then, as globes 
in general* have meridians drawn through every 15 degrees of 
longitude, eastward and westward from the point of Aries, observe 
where these meridians intersect the horizon, and note the num- 
ber of degrees between each of them ; the arcs between the res- 
pective hours will be equal to these degrees. The dial must be 
numbered XII at the brass meridian, thence XI, X, IX, VIII, VII, 
VI, V, IV, &c. towards the west, for morning hours ; and I, II, 
III, IV, V, VI VII, VIII, &c. for evening hours. No more hour 
lines need be drawn than what will answer to the sun's continu- 
ance above the horizon on the longest day at the given place. 
The style or gnomon of the dial must be fixed in the centre of the 
dial-plate, and make an angle therewith equal to the latitude of 
the place. The face of the dial may be of any shape, as round, 
elliptical, square, oblong, &c. &c. 

Example. To make a horizontal dial for the latitude of Lon- 
don. 

Having elevated the pole 51 ^ degrees above the horizon, and brought the point 
Aries to the brass meridian, you will find the meridians on the eastern part of the 
horizon, reckoning from 12, to be 11** SO^, 24«> 20', SS** 3', 53° 35', 71<» 6', and 90°, 
for the hours I, II, III, IV, V, and VI j or, if you count from the east towards the 



* On Cory's large globes, the meridians are drawn through every ten degrees, an 
alteration which answers no useful purpose whatever, ana is in many cases very 
inconvenient. To solve this problem, bv these globes, meridians must be drawn 
thrtragfa e^erjfifittn degrees with a pencil. 
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The cskulalton of the hour nrcs by BpliBticsl Irieonomstrjr is extremely «tj ; 

for while the globe temninB in ihn po.'.ttlon above dpgrrilied, i< wilt be aeen thai a 
righl angled sipbiTicBl triingle la formed, Ihe perpendicular of which is the latitude, 
itH base Ihe hour arc, and iia verticl angle Ihe hour angle. Hence, 

Radius, sine of 90 

Is lo sine of the latitude ; 

As tangent of the hour angle, 

Ts to Ihe tangent of (he hour arc on tbe horizon. 

It may be observed here, Ihalif a horizontal dial, which shows Ibe hour by the top 

of the perpendicular gnomon, be made for a place in tbe torrid zone, whenever the 

■un's decimation eiceeds Ihe latitude of the place, the shadow of the gnonran will 

go hack twice in the da;, once in the forenoon and once in the afternoon ; and the 

K eater the diflerence between the latitude and the sun's declination ia, the farther 
e shadow will go back. In the 3Slh chapter of Isiah, Httekiah is promised that 
his life shall be prolonged 15 years, and as a sign of this, he ia also promised that the 
•hadiiw of the Bun-diarof JAat shall go back ten degrees. This was traly^ as it 
was then considered a miracle; for, as Jcnaalem, the place where the dial ot-Slua 
Was erected, was out of tbe torrid zone, tbe shadow could not possibly go back 
from any natural cause. 



PROBLEM LXIV. 

To make a vertical dial facing the south, in north latitude. 

Definitions and Observations. — The horizontnl dial, at 
described in the preceding problem, was supposed to be placed 
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upon a pedestal, and as the sun always shines upon such a dial when 
he is above the horizon, provided no objects intervene, it is the 
most complete of all kinds of dials. The next in utility is the 
vertical dial facing the south in north latitudes ; that is, a dial 
standing against the wall of a building which exactly faces the 
south. 4 

Supposing the globe to be transparent, as in the foregoing prob- 
lem {see Fig. 5. Plate II.) with the hour circles or meridians f, g, 
H, I, K, L, M, o, &c. drawn upon it ; abcd an opaque vertical plane 
perpendicular to the horizon, and passing through the centre of 
the globe. While the globe revolves round its axis ns, it is evi- 
dent that, if the semi-axis es be opaque and cast a shadow, this 
shadow will always fall upon the plane abc, and mark out the 
hours as in the preceding problem. By comparing Fig. 5. with 
Fig. 4. in Plate II. it will appear that the plane surface of every 
dial whatever, is parallel to the horizon of some place or other 
upon the earth, and that the elevation of the style or gnomon 
above the dial's surface, when it faces the south, is always equal 
to the latitude of the place whose horizon is parallel to that sur- 
face. Thus it appears that sp, which is the co-latitude of Lon- 
don, is the latitude of the place whose horizon is represented by 
the plane adcb : for, let the south pole of the globe be elevated 
38^ degrees above the southern point of the horizon, and the 
point Aries be brought to the brass meridian ; then, if the globe 
be placed upon a table, so as to rest on the south point of the 
wooden horizon, it will have exactly the appearance of Fig. 5. 
Plate II. ; the wooden horizon, will represent the opaque plane 
ABCD, the south point will be at b, and the north point at d under 
London, the east point at c, and the west point at a. Hence we 
have the following 

Rule for performing the problem.- — If the place be in 
north latitude, elevate the south pole to the complement of that 
latitude ; bring the point Aries to the brass meridian ; then sup- 
posing meridians to be drawn through every fifteen degrees of 
longitude, eastward and westward from the point Aries (as is gen- 
erally the case) ; observe where these meridians intersect the 
horizon, and note the number of degrees between each of them ; 
the arcs between the respective hours will be equal to these de- 
grees. The dial must be numbered XII, at the brass meridian, 
thence XI, X, IX, VIII, VII, VI, towards the west, for morning 
hours ; and I, II, III, IV, V, VI, towards the east, for evening 
hours. As the sun cannot shine longer upon such a dial as this 
than from VI in the morning to VI in the evening, the hour lines 
need not be extended any farther. 

• 34 
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Example. To make a vertical dial for ihc latilude of Lon- 
don. 



EIcTBte the soulh pole 3S^ degress above the liorizon, and bring the point Aries 
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of the day, as shown by a watch or dock [! . , ,. ^ 

A good clock meBBures time cqucally, but a sun-dial (though used for regulating 
clocks and walchea) measures lime unequally. The following table will show to 
the nearest minute how much a clock should be faster or slower than a sun-dial ; 
cucha table should be put upon every horizontal suD-dial. 
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Dials may be constructed on all kinds of planes, whether horizontal or inclined ; 
a vertical dial may be made to face the south, or any point of the compass ; but 
the two dials already described are the most usefuL To acquire a complete knowl- 
edge of dialling, the gnomonical projection of the sphere, and the principles of 
spherical trigonometry, must be thoroughly understood ; thesepreliminary branches 
may be learned from EmersotCs Gnomonical Projection, and Jiin^Vs 'Trigonometry. 
The writers on dialling are very nwnerous ; the last and best treatise on the sub- 
ject is Emerson^s* 



CHAPTER n. 

Problems performed hy the Cehatitd GltAe. 
PROBLEM LXV. 



To find the right 



and declination of the sun*, or a star. 



Rule. Bring the sun or star to that part of the brass meridian 
which is numbered fVom the equinoctial towards the poles ; the 
degree on the brass meridian is the declination, and the number 
of degrees on the equinoctial, between the brass meridian and the 
point Aries, is the right ascension. 

Ok, Place both tiie poles of the globe in the horizon, bring iho 
sun or star to the eastern part of the horizon ; then the number of 
degrees which the snn or star is northward or southward of the 
east, will he the declination north or south ; and the degrees on the 
equinoctial, from Aries to the horizon, will be the right ascension. 

Examples. 1. Required the right ascension and declination 
of a Dubhe, in the back of the Great Bear, 

JlnsKcr. Right BBcensioii ICS''49', dcclmalion 62° 48' Jf. 

'2. Required the right ascensions and declinations of the fol- 
lowing stars ; 



_ , Algenib, in Pegasus. 
a, Scltcder, in Cassiopeia. 
fi, Mirach, in Andromeda. 
a, Ackerner, in Eridanus. 
a, Menkar, in Cetus. 
p, Algol, in Perseus. 
a, Aldebaran, 'mTaams. 
a, Capella, in Auriga. 



jS, Rigel, in Orion. 

y, BMilrix, in Orion. 

a, BetelgeAix, in Orion, 

rt, Ccinopus, in Argo Navis. 

a, Procyon, in the Liftie Doj 

r, Algorab, in the Crow. 

a, Arcturus, in Bootes. 

I, Vendemiatrix, in Virgo. 
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PROBLEM LXVI. 



To find the latitude and longitude of a star.* 

Rule. Place the upper end of the quadrant of altitude on the 
north or south pole of the ecliptic, according as the star is on the 
north or south side of the ecliptic, and move the other end till the 
star comes to the graduated edge of the quadrant ; the number of 
degrees between the ecliptic and the star is the latitude ; and the 
number of degrees on the ecliptic, reckoned eastward from the 
point Aries to the quadrant, is the longitude. 

Or, Elevate the north or south pole G6p above the horizon; 
according as the given star is on the north or south side of the 
ecliptic ; bring the pole of the ecliptic to that part of the brass 
meridian which is numbered from the equinoctial towards the 
pole ; then the ecliptic will coincide with the horizon ; screw the 
quadrant of altitude upon the brass meridian over the pole of the 
ecliptic ; keep the globe from revolving on its axis, and move the 
quadrant till its graduated edge comes over the given star ; the 
degree on the quadrant cut by the star is its latitude ; and the sign 
and degree on the ecliptic cut by the quadrant show its longitude. 

Examples. 1. Required the latitude and longitude of a 
Aldeharan in Taurus. 

Answer. Latitude S" 28' S., longitude 2 signs 6° 53' ; or 6® 53' in Gemini. 

2. Required the latitudes and longitudes of the following stars. 



fl, Markab, in Pegasus. 

ft Scheaty in Pegasus. 

Of Fomalhaut, in the S. Fish. 

a, Denebf in Cygnus. 

a, Altair, in the Eagle. 

p, JdbireOf in Cygnus. 



a, Vega, in Lyra. 

y, Rastaben, in Draco. 

a, Antaresj in the Scorpion. 

a, Arcturus, in Bootes. 

jS, Polltix, in Gemini. 

^, Rigel, in Orion. 



■ ■■•*'---* 



* The latitudes and longitudes of thd planets must be found from an ephemerit. 



PROBLEM LXVU. 

The right OKxanon emd declination of a star, the moon, a plamt, 
or {^ a am^ beatg given, to jaid Ua place on the globe. 

Rdlb. Bring the given degrees of right ascension to that part 
of the Ihbm meridian which is numbered from the equinoctial 
towards the poles ; then ander the given declination on the bn» 
meiidian yoa will find the star, or place of the planet. 

ExAHFLEs. 1. What star has 361° S9' of light ascensioii, and 
530 37' nmh declina^D 1 



3. On the ^Ist of January, 1835, the moon's right ascension 
was 91° 31', and ber declina^n SS" 19' N. ; find ber place on 
the globe at that Ume. 

.SnttctT. In the milkj wsjr, k littla •bore the left foot <rf' Cmstor. 

3. What stars have the following right asceunons and declina- 
tions? 



Right Ascansiofli. 








7" iiy 
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m' 6' 


34» 11. S. 
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5(1 S8 N.t 
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10 50 N. 


90 J 
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5a 54 
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28 30 N. 
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S 27 Sj 
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7 8 N. 



4. On the seventh of March, 18"26, the moon's right ascension 
at midnight will be 333° 2', and her declination 5° 44' S. ; find 
her place on the globe. 

5. On the I3th of May, 1826, the declination of Venus will 
be 22" 1 r N., and her right ascension 66* 45' ; find her place on 
the globe at that time. 

6. On the first of July, 18'26, the declination of Jupiter will 
be 9° 4' N., and his right ascension 161' 30' ; find his place on 
the globe at that time. 

PROBLEM LXVIII. 

The latitude and longitude of the moon, a star, or of a planet, being 
given, to find its place on the globe. 

: division of the quadrant of altitude marked 
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pole of the ecliptic ; then, under the given latitude, on the grad- 
uated edge of the quadrant, you will find the star, or place of the 
moon or planet. 

Examples. 1. What star has signs 6^ 16' of longitude, and 
12° 36' N. latitude. 

Answer, y in Pegasus. 

2. On the 15th of June 1826, at noon, the moon's longitude 
will be 68 22" 24', and her latitude 3° 24' S. : find her place on 
the globe. 

3. What ^ars have the following latitudes and longitudes ? 



Latitudes. Longitudes. 

12" 35' S. 1» 11° 25' 

5 29 S. 2 6 53 

31 8 S. 2 13 56 

22 52 N. 2 18 57 

16 3 S. 2 25 51 



Latitudes. Longitudes. 

39" 33' S. 3s 11° 13' 

10 4 N. 3 17 21 

27 N. 4 26 57 

44 20 N. 7 9 22 

21 6 S. 11 56 



Longitudes. 


Latitudes. 


Longitudes. 


a 8» %" 11' 


2' 13' S. 


y6s 6° 24' 


9 5 2 37 


4 10 S. 


^3 5 33 


^925 25 


1 39 S. 


¥9 20 56 



4. On the 13th of November 1826, at noon, the longitudes and 
latitudes of the planets will be as follow : required their places 
on the globe. 

Latitudes. 

P 9'N. 
59 S. 
29 S. 



PROBLEM LXIX. 

The day and hour, and the latitude of a place being given, to find 
what stars are rising, setting, culminating, ^, 

Rule. Elevate the pole to the latitude of the place,' find the 
sun's place in the ecliptic, bring it to the brass meridian, and set 
the index of the hour circle to twelve ; then, if the time be before 
noon, turn the globe eastward on its axis till the index has passed 
over as many hours as the time wants of noon, but, if the time 
be past noon, turn the globe westward till the index has passed 
over as many hours as the time is past noon : then all the stars 
on the eastern semi-circle of the horizon will be rising, those on 
the western semi-circle will be the setting, those under the brass 
meridian above the horizon will be the culminating, those above 
the horizon will be visible at the given time and place, those be- 
low will be invisible. 
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If ihe globe be turned on its axis from east to west, those stars 
which do not go below the horizon never set at the given place ; 
and those which do not come above the horizon never rise ; or, if 
the given latitude be subtracted from 90 degrees, and circles be 
described on the globe, parallel to the equinoctial, at a distance 
from it equal to the degrees in the remainder, they wilt be the 
circles of perpetual apparition and occultation. 

Examples. I. On the 9th of February, when it is nine o'clock 
in the evening at London, what stars are rising, what stars are 
setting, and what stars are on the meridian ? 

Jnnorr. Alphar 

Pollu?'B''ritire east "f tho'mendi'a 

iTBa, a lillle west of tlie metidinn ; Mnrkab, in Peguaus, juel lielow ihe wealern 

2. On the 20th of January, at two o'clock in the morning at 
I^udon, what stars are rising, what stars are setting, and what 
stars are on the meridian? 

Answer. Vcpa in Lyra, the head of Ihe Serpent, Spies Virginia, &. ate rising ; 
tbe head of the Great Bear, liie dawa of Cancer, &c on the meridian ; the head of 
Andromedn, the neck of Cetus, unit the bod)' of Colnmba Noachi, be are setting. 

3. At ten o'clock in the evening at Edinburgh, on the 1 5th of 
November, what stars are rising, what stars are setting, and what 
stars are on the meridian ? 

4. What stars do not set in the latitude of London, and at 
what distance from the equinoctial is the circle of perpetual ap- 
parition ? 

5. 'What stars do not rise to the inhabitants of Edinburgh, and 
at what distance from the equinoctial is the circle of perpetual 
occultation ? 

6. What stars never rise at Otaheite, and what stars never set 
at Jamaica 1 

7. How far must a person travel southvrard from London to 
lose sight of the Great Bear? 

8. What stars are continually above the horizon at the north 
pole, and what stars are constantly below the horizon thereof? 
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PROBLEM LXX. 

The latitude of a place, day of the month, and hour being giveUf 
to place the globe in such a manner as to represent the lieavens 
at that time ; in order to find out the relative situations and 
names of the constellations and remarkable stars. 

Rule, Take the globe out into the open air, on a clear star- 
light night, where the surrounding horizon is uninterrupted by 
different objects ; elevate the pole to the latitude of the place, and 
set the globe due north and south by a meridian line, or by a 
mariner's compass, taking care to make a proper allowance for 
the variation ; find the sun's place in the ecliptic, bring it to the 
brass meridian and set the index of the hour-circle to twelve ; 
then, if the time be after noon, turn the globe westward on its axis, 
till the index has passed over as many hours as the time is past 
noon ; but, if the time be before noon, turn the globe eastward till 
the index has passed over as many hours as the time wants of 
noon ; fix the globe in this position, then the flat end of a pencil 
being placed on any star on the globe so as to point towards the 
centre, the other end will point to that particular star in the 
heavens. 



PROBLEM LXXI. 

To find when any star, or planet, unit rise, come to the meridian, 

and set at any given place. 

Rule. Elevate the pole so many degrees above the horizon 
as are equal to the latitude of the place ; find the sun's place in 
the ecliptic, bring it to the brass meridian, and set the index of 
the hour-circle to twelve. Then if the star* or planet be below 
the horizon, turn the globe u)estward till the star or planet comes 
to the eastern part of the horizon, the hours passed over by the 
index will show the time from noon when it rises ; and, by con- 
tinuing the motion of the globe westward till the star, &c. comes 



* The latitude and longitade (or the right ascension and declination) of the 

Slanet must be taken from an ephemeris, and its place on the globe must be 
etermined by Prob. LXVUI. (or LXVU.) 

35 
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to the meridian, and to ibe western part of iiie IioHkod suc- 
cesHvely, the hours passed over by tl»e index will show the time 
of culminating aiMJ setting. 

If the star, &c be abate the horizon and eatt of tlie meridian, 
find the time of cultninaliDg, eetting, and rising, in a similar 
manner. If the star, &«. be abmv the horizon icesl of the 
meridian, Bod the lime of setting, rising, and culminating, by 
luTTiing the glf^ westward on its atis. 

Examples 1. At what lime will Arcturus rise, come to the 
meridian, and set, at London, on the 7th of September ? 



time iaibe (Aenioo 



2. On the first of August, 1805, the longitude of Jupiter was 
7 ngns, '26 degrees, 34 minutes, anJ his latitude 45 minutes H. ; 
si what time did be rise, culminate, and set, at Greenwich, and 
whether was be a morning or an evening star 7 






atluir-past Inoinlhcaftenia 
in, BDil Ml at ■ qiufler p»sl e 
:u, because be ad tSla Ihe ei 



of 



3. At what lime does Sirius rise, come lo the meridi 
Ixmdon, and set, on the 3Ist of Januan' ? 

4. On the first of Januar\*. 1S"25, the lonnliude of Venus was 
10 signs IS deg. 51 niin., and her ialiludo f tleg. 4S min. S. ; at 
what time did she rise, culminate, and set, at Paris, and whether 
was she a morning or an evening star ? 

5. At what time does Aldebaran rise, come to the meridian, 
and set at Dublin, on the 25th of November '. 

6. On the first of Fehruai^-. 1S"25, the longitude of Mars was 
eleven signs 9 deg. 59 min., and latitude deg, 53 min, S. ; 
at what time did he rise set, and come to the meridian of 
Greenwich 1 



PROBLEM LXXll. 

7b find the amplitude of any star, its oblique ascension and 
descension, and its diurnal arc for any given day. 

Rule. Elevate the pole to the latitude of the place, and bring the 
given star to the eastern part of the horizon ; then the number 
of degrees between the star and the eastern point of the horizon 

will be its rising amplitude; and the degree of the equinoclia' 
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of the hour-circle to twelve, and turn the globe westward till 
the given star comes to the western egde of the horizon ; the 
hours passed over by the index will be the star's diurnal arc, or 
continuance above the horizon. The setting amplitude will be 
the number of degrees between the star and the western point of 
the horizon, and the oblique descension will be represented by 
that degree of the equinoctial which is intersected by the hor- 
izon, reckoning from the point Aries. 

Examples. 1. Required the rising and setting amplitude of 
Sirius, its oblique ascension, oblique descension, and diurnal arc, 
at London. 

Answer. The rising amplitude is 27° to the south of the east ; setting amplitude 
27° south of the west ; oblique ascension 120'; oblique descension 77o; and di- 
urnal arc 9 hours 6 minutes. 

2. Required the rising and setting amplitude of Aldebaran, its 
oblique ascension, oblique descension, and diurnal arc, at Lon- 
don. 

3. Required the rising and setting amplitude of Arcturus, its 
oblique ascension, oblique descension, and diurnal arc, at Lon- 
don. 

4. Required the rising and setting amplitude of y Bellatrix, 
its oblique ascension, oblique descension, and diurnal arc, at Lon- 
don. 



PROBLEM LXXIII. 

The latitude of a place given, to find the time of the year at which 
any known star rises or sets acronically, ^uU is, when it rises 
or sets at sun-setting. 

Rule. Elevate the pole to the latitude of the place, bring the 
given star to the eastern edge of the horizon, and observe what 
degree of the ecliptic is intersected by the western edge of the 
horizon, the day of the month answering to that degree will show 
the time when the star rises at sun-set, and consequently when it 
begins to be visible in the evening. Turn the globe westward on 
its axis till the star comes to the western edge of the horizon, and 
observe what degree of the ecliptic is intersected by the horizon 
as before : the day of the month answering to that degree will 
show the time when the star sets with the sun, or when it ceaseM 
to cmpear in the evening, 

ExABiPLES. 1. At what time does Arcturus rise acronically at 
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Ascra* in Boeotia, ihe birth-place of Hesiod ; the latitude of 
Ascra, accoitiiiig to Ptolemy, being 37° 45 N. ? 

Jniioer. 'VVlien Arclurua \i at Ihe enatem part of Ihe horiion, llic eleventh 
degree of Aries will be nl Iho wcBtcrn part aQsacring to the fire I ofApril,t the 
time when ArcturuB rises acroiiically ; atid it will set acronicatly on tbe 30tb of 
November. 

2. At what time of the year does Aldcbarao rise acronically 
at Athena, in 38' N. latitude ; and at what lime of the year does 
it set acronically ? 

3. On what day of the year does y in the extremity of the wing 
of Pegasus rise acronically at London ; and on what day of the 
year does it set acronically 1 

4. On what day of the year does ' in the right foot of Leptis 
rise acronically at London ; and on what day of the year does it 
Bet acronically 1 



PROBLEM LXXIV. 

The latitude of a place given, to find the time of the i/ear at which 
any knoum star rises or sets cosjocallt, that is, when it rises 
or sets at sun-rising: 

Rtile, Elevate the pole to the latitude of the place, bring the 
given star to the eastern edge of the horizon, and obser^•e what 
sign and degree of the ecliptic are intersected by the horizon ; 
the month and day of the month, answering to that sign and de- 
gree, will show the time when the star rises with the sun. Turn 
the globe westward on its axis till the star comes to the western 



f HeiiCB Arclurua now rises acronically in latitude 37" 45' N. about 100 days 
after the winter aolatice. Heaiod, in his Opera and Diet lib. ii. verse 185, eajB : 

When from the solstice siity wintry days 

Their turns have finished, mark, with glitt'ring rays, 

From Ocean's sacred flood ^rcturas rise, 

Then first to gild the dusky evening skies. 
Here is a diflereoce of 40 days in the acronieal rising of this star (supposing He- 
siod to be correct) between the time ofHesiod and the present lime ; and as a day 
answers to about 59' of Ihe ecliptic (see the note page 36,) 40 days will answer to 
39 degrees ; consequently, the winter solstice in the time ofHesiod was in the 9th 
degree of Aquarius. Now, the recession of the cqninoies is about 50^' in a year: 
hence 50^" : 1 year : : S9° ; 2794 years since the time of Heaiod ; so that he lived 
""" ' ■■ ■"' " 1, by this ■ r . . - , . „, . 
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edge of the horizon, and observe what sign and degree of the eclip- 
tic are intersected by the eastern edge, as before ; these will point 
out on the horizon the time when the star sets dt sun-rising. 

Examples. 1. At what time of the year do the Pleiades set 
cosmically at Miletus in Ionia, the birth-place of Thales ; and at 
what time of the year do they rise cosmically ; the latitude of 
Miletus, according to Ptolemy, being 37° north ? 

Answer. The Pleiades rise with the sun on the 10th of May, and they set at the 
time of sun* rising on the 22d of November.* 

2. At what time of the year does Sinus rise with the sun at 
London ; and at what time of the year will Sirius set when the 
sun rises ? 

3. At what time of the year does Menkar, in the jaw of Cetus, 
rise with the sun, and at what time does it set at sun-rising at 
London ? 

4. At what time of the year does Procyon, in the Little Dog, 
set when the sun rises at London, and at what time of the year 
does it rise with the sun ? 



PROBLEM LXXV. 

To find the time of the year when any given star rises or sets 

HELICALLY, t 

Rule. The heliacal rising and setting of the stars will vary 
according to their different degrees of magnitude and brilliancy ; 
for it is evident that the brighter a star is when above the horizon. 



'*' Pliny says (Nat. Hist. lib. zviii. cap. 25.) that Thales determined the cosmical 
setting of the Pleiades to be twenty-five days after the autumnal equinox. Sup- 

Sosing this observation to be made at Miletus, there will be a diflference of thirty- 
ve days in the cosmical setting of this star since the time of Thales ; and, as a 
day answers to about 59' of the ecliptic, these days will make about 34' 25^ ; con- 
sequently, in the time of Thales, the autumnal equinoctial colure passed through 
4© 25' of Scorpio ; and, as before, 50^" : 1 year : ; 340 25' : 2465 years since the 
time of Thales, so that Thales lived (2465—1804) 661 years before the birth of 
Christ. According to Sir. L Newton's Chronology, Thales flourished 596 years 
before Christ. Thales was well skilled in geometry, astronomy, and philosophy ; 
he measured the height and extent of the Pyramids of Egypt, was tne first who 
calculated with accuracy a solar eclipse ; he discovered the solstices and equinoxes, 
divided the heavens into five zones, and recommended the division of the year into 
365 days. Miletus was situated in Asia Minor, south of Ephesus, and south-east 
of the island of Samos. 

t See Definition 90., page 45. 



the less the sun will be depreesed below the horizon when that 
star first hecomea visible. According to Ptolemy, stars of the 
first magnitude are seen rising and setting when the Eun is twelve 
degrees below the horizon ; stars of the second magnitude require 
the sun's depression to be thirteen degrees ; stars of the third 
magnitude fourteen degrees, and so on, reckoning one degree for 
eacn magnitude. This being premised : 

To SOLVE THE TROBLEH. Elevate the pole so many degrees 
above the horizon as are equal to the latitude of the place, and 
Krew the quadrant of altitude on the brass meridian over that 
latitude ; bring the given star to the eastern edge of the horizon, 
and move the quadrant of altitude till il intersects the ecliptic 
twelve degrees below the horizon, if the star be of the first mag- 
. nitude ; thirteen degrees, if the star be of the second magnitude ; 
fourteen degrees, if it be of the third magnitude, &c, : the point 
of the ecliptic, cut hy the quadrant, will show the day of the 
month, on the horizon, when the star rises heliacally. Bring the 
given star to the western edge of the horizon, and move the 
quadrant of altitude till it intersects the ecliptic below the west- 
em edge of the horizon, in a similar manner as before ; the point 
of the ecliptic cut by the quadrant will show the day of the month, 
on the horizon, when the star sets heliacally. 

Examples. I. At what time does fi Tauri, or the bright star 
in the Bull's Horn, of the second magnitude, rise and set helia- 
cally at Rome ? 

^natctr. The quidrant will inteiBecI Ihe third of Cincer 13^ below the eftstem 
bortion, anewering to the 24th of June ; *od tlie 7tii of Gtemim llf below the 
westerD horiaon, aniwering to the S8th of May. 

2. At what time of the year does Sinus, or the Dog Star, rise 
heliacally at Alexandria in Egypt ; and at what time does it set 
heliacally at Alexandria in Egypt ; and at what time does it set 
heliacally at the same place 1 

•fltuioer. The latitude of Alciandrie \a 31 deg. 13 miii. north ; the quadrant will 
intenect the ISth of L^ 1^" below the eaatem horizon, anawering to the 4th of 
Augnat* ; and the 3d of Oemini, 18 degrees below tbe woHleni hoiizoD, anaweriDg 
to the S3d of May. 



hotleit aeason of the yeej' l,Deg Daya) ended about 50 dajs niler the eummer vA- 
rtice. We have determined in the noteof Eiample 1. Problem LXXIII. (though 
perhaps not very accuralelj), th»t the winter eolBtice, in the time of Heaiod, waa 
in the 9th degree of A^uariua; coniequently, the summer aolalice was in the 9tfa 
decree of Lro : now, il appears from Kbore, that Smus riaes heliacaUr at Alex- 
ttndrii. when the son is ia the ISlb degree of Leo ; and, *■ a desree nearly anawera 
to a day, Siriaa roae heliacally in the time of Heaiod, about ndt dajns after the 
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3. At what time of the year does Arctunis rise heliacally at 
Jenisalem, and at what time does it set heliacally ? 

4. At what time of the year does Cor Hydra rise and set heli- 
acally at LfOndon ? 

5. At what time of the year does Procyon rise and set heli- 
acally at London ? 

6. If the precession of the equinoxes be 60^ seconds in a year 
how many years will elapse, from 1825 before Sirius, the Dog 
Star, will nse heliacally at Christmas, at Cairo in Egypt ? When 
Ums period happens, Sirius will perhaps no longer be accused of 
bringing sultry weather. 



PROBLEM LXXVL 

The l€aitude of a place and day of the month being given, to find 
aU those stars that rise and set acronicaiiLy, cosmicaixy, and 

HELIACALLY.* 

Rule. Elevate the pole so many degrees above the horizon 
as are equal to the latitude of the given place. Then, 

1. For the acroniccd rising and setting, find the sun's place in 
the ecliptic, and bring it to the western edge of the horizon, and 



•ammer solstice ; and if the Dog Days continaed forty days, they ended about 
Ibry-four days after the sammer solstice. The Dog Days in oar almanacs begin 
on the third of July, which is twelve days after the summer solstice, and end on 
the 1 1th of August, which is fifl^-one days afler the summer solstice ; and their 
continuance is 39 days. Hence it is plain, that the Dog Days of the modems have 
no reference whatever to the rising or Sirius, for this star rises heliacally at London 
on the 25th of August, and, as well as the rest of the stars, varies in its rising and 
setting according to the variation of the latitudes of places,- and therefore it could 
have no influence whatever on the temperature of the atmosphere; yet, as the Dog 
Star rose heliacally at the commencement of the hottest season in Egypt, Greece, 
&C. in the earlier ages of the world, it was very natural for the ancients to imagine 
that the heat, &c. was the eflfect of this star. A few ^ears ago, the Dog Days in 
our almanacs began at the amnieal rising of Procyon, viz. on the 30lh of July, and 
continued to the 7th of September ; but thev are now, very properly, altered, and 
made not to depend on the variable rising or any particular star, but on the sum- 
mer solstice. 

* This problem is the reverae of the three p^ecedinjjjf problems. Their principal 
ufBO is to illustrate several passages in the ancient writers, such as Hesiod, Virgil, 
Ck>lumc41a, Ovid, Pliny, &e. See definition 64., page 37. The knowledge of these 
poetical risings and settings of tho stars was held in ^rreat esteem among the an^ 
dents, and was very vmefSi to them in adjusting the tmies set apart for their reU- 
gioos «i4 ciril duties, and for marUB« the jeasons proper for the several parts of 
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bU the stars along the eastern edge of the horizon will rise acron- 
ically, while those along the western edge will set acronically. 

3. For the cosmical rising and setting, bring the sun's place to 
the easie?-n edge of the horizon, and all the stars along that edge 
of the horizon will rise cosmically, while those along the western 
edge will set cosmically. 

3. For the Iwliacal rising and setting, screw the qtiadraiit of 
"altitude over the latitude, turn the globe eastward on its axis till 
the sun's place cuts the quadrant twelve degrees below the hori- 
zon ; then all the stars of the lirst magnitude, along the eastern 
edge of the horizon, will rise heliacally ; and, by continuing the 
motion of the globe eastward till the sun's place interects the 

Suadrant in 13, 14, 15, &c. degrees below the horizon, you will 
nd all the stars of the second, lhird,fourth, &c. magnitudes, which 
rise hetiacally on that day. By turning the globe westward on 
its axis, in a similar manner, and bringing the quadrant to the 
western egde of the horizon, you will find all the stars that set 
heliacally. 

Examples. 1. What stars rise and set cosmically at Edin- 
burgh, on the 11th of June? 

Jtuncr. The bright atai in Castor, Aldcbaraa in Taurus, Fomslbaul in the 
■oathem Piah, lie rise cnsmictilly ; Ihoae Blars in the body of Leo Minor, the nrm 
of Virgo, the right Toot of BooIbb, pnrl of (he Ceiilsur, &c. set coamically. 

2. "What stars rise and set acronically at Dronthcim in Norway, 
latitude 63" 26' N. on the I8th May? 

Jiniwtr. Ahairin the Eagle, the heod of ihe Dolphin, &c. riae ncrooically; and 
Aldebaran in Taurus, Bclclgeuj in Orion, &c. set acronically. 

3. What star of the first magnitude rises heliacally at London, 
on the 7th of October? 

4. What star of the first magnitude sets heliacally at London, 
on the 5lh of May ? 

5. What stars rise and set acronically at London, on the 
36th of September? 

6. What stars rise and set cosmically at London, on the 23d 
of March ? 



huBbsndiTi for Ibe knowleede of which the anciente had of the motions of the 
beirenly bodiea was not suliicient (o adjust the true length of the year; and, aji 
(he relurna of the aeasons depends upon the approach ot tha sun to the tropical 
and equinoctial poinls, so thoy made use of these risings and sellings to determine 
the commencement of the different Beaaons, the time of the overflowing of Ihe 
Nile, &c. The knowledge which the moderns have aet|uited oflhe motions of the 
heavenly bodies renders euch observationa as the ancients attended to in a great 
measure uselee.^ ; and, Inalesd of ivatchmg the risino and settinii of Darlii:ular atnm 
larkibte aeuson, Ihey can sil by the fire- 
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PROBLEM LXXVII. 

To illustrate the precession of the equinoxes. 

Observations. All the stars in the different constellations 
continually increase in longitude ; consequently either the whole 
starry heavens have a slow motion from west to east, or the equi- 
noctial points have a slow motion from east to west. In the time 
of Meton*, the first star in the constellation Aries, now marked /3, 
passed through the vernal equinox, whereas it is now upwards of 
SOf degrees to the eastward of it. 

Illustration. Elevate the north pole 90 degrees above the 
horizon, then will the equinoctial coincide with the horizon ; bring 
the pole J of the ecliptic to that part of the brass meridian which 
is numbered from the north pole towards the equinoctial, and 
make a mark upon the brass meridian above it ; let this mark be 
considered as the pole of the world, lei the equinoctial represent 
the ecliptic, and let the ecliptic be considered as the equinoctial ; 
then count 38| degrees, the complement of the latitude of London, 
from this pole upwards, and mark where the reckoning ends, which 
will be at 75° on the brass meridian, from the southern point of 
the horizon ; this mark will stand over the latitude of London. 

Now turn the globe gently on its axis from east to west, and 
the equinoctial points will move the same way, while, at the same 
time, the pole of the world|| will describe a circle round the pole 
of the ecliptic§ of 46° 56' in diameter; this circle will be completed 



* Meton was a famous mathematician of Athens, who flourished about 432 years 
before Christ. In a book called Enneadecaterides or cycle of 19 years, he endeav- 
oured to adjust the course of the sun and of the moon ; and attempted to show that 
the solar and lunar years could regularly begin from the same point in the heavens. 

t If the precession of the equinoxes be 50|'' in a year, and if the eauinoctial colure 
passed through fi Arietis, 430 years before Christ, the longitude or this star ong;ht 
now, (1804) to be 31*^ lO' 5S" ; for, 1 year: 50^" : : 2234 years (=430 + 1804) : 
31^ lO' 58" ; and this longitude is not far from the truth. 

X The pole of the ecliptic is that point oo the globe, in the arctic circle, where the 
circular hnes meet. 

II Let it be remembered that the pole of the ecliptic on the globe here represents 
the pole of the world. 

§ Take notice, that the extremity of the globe's axis here represents the pole of 
the ecliptic. 

30 
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in a Platonic year*, consisting of 25,791 years, at the rate of 
50| BccoDiU in a yerir, and ibe pole of the heavens will vary its 
sitontioD a small mailer every year. When 12,895^ years, being 
half (he Platonic year, are completed, (which may be known by 
turning the globe half round, or till the point Aries coincides with 
the eaiitern point of the horizon,) that point of the heavens which 
is tiow 8| degrees south of the zenith of London, will be the north 
poleti as may be seen by referring to the mark which was made 
over 75 degrees on the meridian. 

PKOBLEM LXXVIII. 

To find the distances of the stars from each other in degrees. 

RuLB. Lay the quadrant of altitude over any two stars, so 
that the division marked o rnay be on one of the stars ; the de- 
grees between them will show their distance, or the angle which 
these stars sublend, as seen by a spectator on the earth. 

Examples. \. What is the distance between Vega in Lyra, 
and altuir in the Eagle. 
Anxina. 34 degrees. 

2. Required the distance between p in the Bull's Horn, and / 
Beltatrix in Orion's shoulder. 

3. What is the distance between |3 in Pollux, and a in Procyon ? 

4. What is the distance between u, the brightest of the Plei- 
ades, and ;9 in the Great Dog's Foot ? 

5. What is the distance between « in Orion's Girdle, and g" in 
Get us ? 

6. What is the distance between Arcturus in Bootes, and |9 in 
the right shoulder of Serpentarius ? 



* A Plalonie year ia b period of lima determined bj the revolution of the equi- 
noies i this pencwj being once completed, the ancients wete of opinion thai tba 
world waalnbeeinanew, and the anme series oflhings to return over again. See 
the 64(h Dcfinllion, page 37. 

f See page 134. 
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PROBLEM LXXIX. 



To find what stars lie in or near the moov^spath^ or what stars the 
moon can eclipse, or make a near approach to, 

. Rule. Find the moon's longitude and latitude, or her right 
ascension and declination, in an ephemeris, for several days, and 
mark the moon's places on the globe (as directed in Problems 
LXVIII. or LXVII.) ; then by laying a thread, or the quadrant 
of altitude, over these places, you will see nearly the moon's 
path,* and consequently what stars lie in her way. 

Examples. 1. What stars were in, or near, the moon's path, 
on the 10th, 11th, 13th, and 16th of December, 1805? 

10th, •'s longitude a 20^ 12' latitude 3° 34' S. 

11th, - tiK 4 22 - - 4 25 S. 

13th, - -= 1 39 - - 5 15 S. 

16th, . tnlO 11 - - 4 26 S. 

Jhiswer. The stars will be found to be Cor Leonis or Regulus, Spica Yirginis, 
a in Libra, &c. See page 47, White's Ephemeris. 

2. On the 1st, 2d, 3d, 4th, and 5th of August, 1826, what stars 
will lie near the moon's way ? 

1st, •'s right ascension lOS"" 14 declination IS"" 40^ N. 

2d, . . 121 25 . - 15 51 N. 

3d, - - 134 29 - - 12 10 N. 

4th, - . 147 24 - . 7 49 N. 

5th, . . 160 16 - - 3 N. 



* The situation of the moon's orbit for any particular day may be found thus : 
find the place of the moon's ascending node in the Ephemeris, mark that place and 
its antipodes (being the ascending node) on the globe ; half the way between these 
points make marks 5^ 2(K on the north and south side of the echptic, viz. let the 
northern mark be between the ascending and descending node, and the southern 
between the descending and ascending node ; a thread tied round these four pointf 
will show the position of the moon's orbit. 
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PROBLEM LXXX. 



Given the latitude of the place and the day of the month, to find 
tohat plunets will be above the hotizon after sun-setting. 

Rule. Elevate the pole so many degrees above the horizon 
as ure equal to the ktiiude of the place; find the sim's place in 
the ediptic, and bring it to the western part of the horizon, or to 
ten or twelve degrees below; then look in the Ephemeris for that 
day and month, and you will find what planets are above the 
boriKon, such planets will be fit for observation on that night. 

Examples. 1. Were any of the planets visible after the sun 
had descended ten degrees* below the horizon of London, on 
the first of December, 1805 ? Their longitudes being as follow : 

B 83 *23" 30 y Ss 15 37' »'3 longitude at 

5 9 23 40 ^ 6 '24 50 midnight Os 9' 

J 8 35 21 ^p 6 24 5 , 

•Satatr, Venus and the moon were visible. 

2.' What planets will be above the horizon of London when 
the sun hus descended ten degrees below, on the first of January, 
I83G? Their longitudes being »s follow : 

g 9s 9° 25' 2X 5s 14° 27"' ^'s longitude at 

9 8 24 13 > 2 16 44 midnght 6s 17° 31'. 

3 6 22 19 ,ii 9 19 29 



PROBLExM LXXXI. 

Given the latitude nf the place, day of the month, and hour of the 
night or Tiwrniug, to find what pJancts will lie visible at that 
hour. 

Rule. Elevate the pole so many degrees above the horizon 
as are equal to the latitude of the place ; find tlio sun's place in 
the ecliptic, bring it to the brass meridian, and set the index of 



*The planpls arc nnl visible till the sun is a certain number of dejrrpes liclow 
lercury brcomcs visible when (he sun 19 about len dcgrcea below the horiz< 



Chap. 11. THE CELESTIAL GLOBE. 285 

the hour-circle to twelve : then, if the given time be before noon, 
turn the globe eastward till the index has passed over as many 
hours as the time wants of noon ; but if the given time be past 
noon, turn the globe westward on its axis till the index has passed 
over as many hours as the time is past noon ; let the globe rest 
in this position, and look in the Ephemeris for the longitudes* of 
the planets, and, if any of them be in the signs which are above 
the horizon, such planet will be visible. 

Examples. 1. On the first of December, 1805, the longitudes 
of the planets, by an ephemeais, were as follow: were any of 
them visible at London at five o'clock in the morning ? 

^ 8s 22^ 30' u 8s 15'' 27' ©'s longitude at 

9 9 22 40 i> 6 24 50 midnight Os 9" 15'. 

^ 8 25 21 ^ 6 24 5 

Answer, Saturn and the Georgium Sidus were visible, and both nearly in the 
same point of the heavens, near the eastern horizon , Saturn was a little to the north 
of the Georgian. 

2. On the first of June, 1826, the longitudes of the planets in 
the fourth page of the Nautical A! mane are as follow : will any 
of them be visible at London at ten o'clock in the evening ? 

^ Is 18° 4' u 5s 5° Wi' ®'s longitude at 

9 3 1 45 ^ 2 23 27 midnight Os 30*^ 5'. 

^762 Qi 9 23 38 



PROBLEM LXXXII. 

The latitude of the place and day of the month being given^ to find 
how long Venus rises before the sun when she is a morning 
star, and how long she sets after the sun when she is an evening 
star. 

Rule. Elevate the pole so many degrees above the horizon 
as are equal to the latitude of the place ; find the latitude and 
longitude of Venus in an ephemeris, and mark her place on the 
globe ; find the sun's place in the ecliptic, and bring it to the brass 
meridian : then, if the place of Venus be to the right hand of the 



* It is not necessary to give the latitudes of the planets in this problem ; jfbr if 
the signs and degrees of the ecliptic in which their lon^tudes are situated be above 
the horizon, the planets will likewise be above the hoxizon. 
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meridiaD, she is an evening star ; if to the left hand, she is a mom- 
ipgster. 

jVhtn Venua is an evening star. Bring the sun's place to the 
^restera edge of the horizon, and set the index of the hour-circle 
to twelve ; turn the globe westward on its axis till Venus coin- 
ddes with the western edge of the horizon ; and the hours passed 
over by the indes will show how long Venus sets after the sun. 

When Venus is a morning star. Bring the sun's place to the 
eastern edge of the horizon, and set the index of the hour-circle 
to twelve ; turn the globe eastward on its axis till Venus comes to 
the eastern edge of the horizon, and the hours passed over by the 
index will show how long Venus rises before the sun. 

Note. The same rule will serve for Jupiter by marking hit 
place instead of thai of Venus, 

ExAKFLES. 1. On the first of March 1805, the longitude of 
Venus was 10 signs, 18 deg. 14 inin., or 18 deg. 14 min. in Aqua- 
rius, latitude deg. 53 min. south : was she a morning or an eve- 
ning star? If a morning star, how long did she rise before the 
sun at London ; if an evening star, how long did she shine after 
the sun set 7 

.Auuir. VeouB was a moming rtar, aod iom thiee quarten of an boar befbro 
tliaiim. 

2. On the 25th of October, 1805, the longitude of Jupiter was 
8 signs, 7 deg. 26 min., or 7 deg. 26 min. in Sagittarius, latitude 
deg. 29 min. north: whether was he a morning or an evening 
star? If a morning star, how long did he rise before the sun at 
London ? If an evening star, how long did he shine after the sun 
set? 

Anatetr, Jijpiier was an evening star, and set 1 hour and SO minulea after (he 

3. On the first of January, 1826, the longitude of Venus will be 
8 signs, 24 deg. 13 min., latitude deg. 21 min. north; will she 
be an evening or a morning star ? If she be a morning star, how 
long will she rise before the sun at London ? If an evening star, 
how long will she shine after the sun sets ? 

4. On the 7th of July, 1826, the longitude of Jwpiter will be 
5 signs, 10 deg. 27 min., latitude 1 deg. 8 min. north ; will he be 
a morning or an evening star ^ If he be a morning star, how 
long will he rise before the sun? If an evening star, how long 
will he shine after the sun sets ? 
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PROBLEM LXXXIII. 

. .J latitude of a place and day of the numth* being given^ to find 
the meridian altitude of any star or planet. 

Rule. Elevate the pole so many degrees above the horizon 
as are equal to the latitude of the place ; then, 

For a star. Bring the given star to that part of the brass 
meridian, which is numbered from the equinoctial towards the 
poles ; the degrees on the meridian contained between the star 
and the horizon will be the altitude required. 

For the moon or a planet. Look in an ephemeris for the planet's 
latitude and longitude, or for its right ascension and declination, 
for the given month and day, and mark its place on the globe, 
(as in Prob. LXVIIL or LXVIL); bring the planet's place to the 
brass meridian ; and the number of degrees between that place 
and the horizon will be the altitude. 

Examples. 1. What is the meridian altitude of Aldebaran in 
Taurus, at London ? 

Antwer. 64® 36'. 

2. What is the meridian altitude of Arcturus in Bo6tes, at Lon- 
don? 

3. On the first of February 1826, the longitude of Jupiter will 
be 5 signs, 12 deg. 45 min., and latitude 1 deg. 21 min. north ; 
what will his meridian altitude be at London ? 

4. On the first of November 1826, the longitude of Saturn will 
be 3 signs 5 deg. 58 min. and latitude deg. 59 min. south ; what 
will his meridian altitude be at London? 

5. On the 16th of May 1826, at the time of the moon's passage 
dver the meridian of Greenwich, her right ascension is 169° &' 



* The meridian altitudes of the stars on the globe, in the same latitude, are in- 
Tariable ; therefore, when the meridian altitude of a star is sought, the day of the 
■toath need not be attended to. 



I* ^pft- • 
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and declination 1'^ 4' soutfi ; required her mendian altitude bI 
Greenwich !• 

6. On ilie llth of December 1S26, the moon will pass over 
lite meridian of Greenwich at 3 minutes past 10 o'clock ia the 
evening ; required lier meridian altitude .' 



PROBLEM LXXXIV. 

To find ail t/tose places on the earth to which the moon will be 
neiirlij vertical on any given day. 

Rule. Look in an ephemeria for the moon's latitude and lon- 

?'tude for the given day. and mark her place on the globe (as in 
rob. LXVIII.) ; bring this place to that part of the brass meridian 
which is numbered from the equinoctial towards the poles, and 
observe the degree above it ; for all places on the earth having 
that latitude will have the moon vertical (or nearly so) when she 
comes to their respective meridians. 

On : Take the moon's declination from page VI. of the Nau- 
Ucal Almanac, and mark whether it be north or south, then by the 
terrestrial globe, or by a map, find all places having the same 
number of degrees of latitude as are contained in the moon's de- 
clination, and those will be the places to which the moon will be 




25' thi 
SSmir 

6 places of Ihe planets mBV be tahen out of the EphemeriB for nooo without 
lie error, because Ibeir declinaliona vary Icsa than Ihat of the moon. 
The moon will have the greatest and least meridian allitude to all (he inhabitants 
north of the equator, when her ascending node is in Aries ; fiir her orbil making 
■n angle of 51* with the ecliptic, her greateal allitude will be 5^ more than (ha ' 
mvalest meridionat altitude of the sun, and her leaat meridional altitude 5}< lets 
th&n that of the sun. The ^eatesl altitude of Ihe sun at London is 63° ; the moon'l 
sreateBl altitude is therefore 67° 30'. The least meridional altilude of the sun at 
LmtdoD ia 15°; the lewt meridional altitude of the moon is therefore S" -Ky. 
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successively vertical on the given day. If the moon's declination 
be north, the places will be in north latitude ; if the moon's declin- 
ation be south, they will be in south latitude. 

Examples. 1. On the 15th of October, 1805, the moon's lon- 
gitude at midnight was 3 signs, 29 deg. 14 min., and her latitude I 
deg. 35 min. south; over what places did she pass nearly vertical? 

Answer. From the moon's latitude and longitude being given, her declination 
may be found by the globe to be about 19'^ north. The moon was vertical at Porto 
Rico, St. Domingo, the north of Jamaica, Owhyhee, &c. 

2. On the 9th of September, 1826, the moon's longitude at 
midnight will be 8 signs, 30 deg., and her latitude 2 deg. 48 min. 
north ; over what places on the earth will she pass nearly vertical? 

3. What is the greatest north declination which the moon can 
possibly have, and to what places will she be then vertical ? 

4. What is the greatest south declination which the moon can 
possibly have, and to what places will she be then vertical ? 



PROBLEM LXXXV. 

Cdven the latitude of a place, day of the month, and the altitude of 
a star, to find the Jtour of the night, and the states azimuth. 

Rule. Elevate the pole so many degrees above the horizon 
as are equal to the latitude of the place, and screw the quadrant 
of altitude upon the brass meridian over that latitude : find the 
sun's place in the ecliptic, brmg it to the brass meridian, and set 
the index of the hour-circle to twelve ; brins: the lower end of the 
quadrant of altitude to that side of the meridian* on which the star 
was situated when observed ; turn the globe westward till the 
centre of the star cuts the given altitude on the quadrant ; count 
the hours which the index has passed over, and they will show 
the time from noon when the star has the given altitude : the quad- 
rant will intersect the horizon in the required azimuth. 

Examples. 1. At London, on the 28th of December, the star 



* It is necessary to know on which side of the meridian the star is at the time of 
observation, because it will have the same altitude on both sides of it. Any star 
may be taken at pleasure, but it is best to take one not too near the meridian, be- 
cause for some time before the star comes to the meridian, and after it baf piaaed 
it, the altitude variea very little; 

37 
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Dcncb in tlie Lion's laii, marked jS, was observed to he 40" ahave 
the horizon, and east of the meridian ; what hour was it, and what 
was the star's azimuth ? 

loe lo the meridian, nnd luniing the globe 
lOdegreMof IheqUBdiBtilfflilo/ t/w Mimdim, 
tne inatx win ustc pinsea over it nours ; consequently, the hIbt has 40 degree! of 
•lliludeeastofihe metidisii, 14 houts fiom noon oral IwD o'clotk in the morning. 
Ill Bninulh will be Biff dcgrGee from LLe eoulh tou-ocds tbe east. 

2. At London, on the 28ih of December, the star 13, in the 
Lion's tail, was observed to be westward of the meridian, and to 
have id degrees of altitude : what hour was it, and what was the 
star's azimuth 1 

Jniuir. Bj turning the glubo westward on ila axie till Ihc star culB 40 degrees 
of the quadrant arnl oflhi tinrirfiim, t h e index will have paBSed over 20 hoars ; con- 
wqaenlly, the slar his 40 degrees orullituda wi^ of Ilie meridian, SO hours Tron 
nDOD, or at eight o'clock in the morning. Ill aximuth will be 621° from the aoutb 
towards the wcbL 

3. At London, on the lat of September, the altitude of Benet- 
nach in Ursa Major, marked i, was observed to be 36 defrreea 
above the horizon, and west of the meridian ; what hour waa it, 
and what was the star's azimuth? 

4. On the 21sl of December the altitude of Siriua, when west 
of the meridian at London, was obser\'ed lo be 8 degrees above 
the horizon : what hour was it, and what was the star's azimuth? 

5. On llje l-Jth of Augu.st, Monknr in the Whait's jaw. marlted 
a, was observed to be 37 degrees above the horizon of London, 
and eastward of the meridian ; what hour was it, and what was 
the star's azimuth 1 



PROBLEM LXXXVL 

iSiven the latitude of a place, day of the month, and hour of the 
day, to find the attitude of any alar, and its azimuth. 

RvLB. Elevate the pole so many degrees above the horizon as 
are equal to the latitude of the place, and screw the quadrant of 
altitude upon the brass meridian over that latitude ; find the sun's 
place in the ecliptic, bring it to the brass meridian, and set the 
index of the hour-circle to twelve ; then, if the given time be be- 
fore noon, turn the globe eastward on its axis till the index has 
passed over as many hours as the time wants of noon ; if the time 
be past noon, turn the globe westward till the index has passed 
over as many hours as Uie time is past noon : l«t tbe globe rest 
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in this position, and move the quadrant of altitude till its graduated 
edge coincides with the centre of the given star ; the degrees on 
the quadrant, from the horizon to the star, will be the altitude ; 
and the distance from the north and south point of the horizon to 
the quadrant, counted on the horizon, will be the azimuth from 
the north and south. 

Examples. I. What are the altitude and azimuth of Capella 
at Rome, when it is five o'clock in the morning on the second of 
December ? 

•Snsxoer, The altitude is 41^ 58^, and the azimuth 60^^ 5(Kirom the north to- 
wards the west. 

2. Required the altitude and azimuth of Altair in Aquila on 
the 6th of October, at nine o'clock in the evening, at London ? 

3. On what point of the compass does the star Aldebaran bear 
at the Cape of (Jood Hope, on the 5th of March, at a quarter past 
eight o'clock in the evening ; and what is its altitude ? 

4. Required the altitude and azimuth of Acyone in the Pleiades 
marked % on the 21st of December, at four o'clock in the morn- 
ing at London ? 



PROBLEM LXXXVIL 

Given the latitude of the place^ day of the months and azimuth of a 
star, to find the hour of the night and the states altitude. 

Rule. Elevate the pole so many degrees above the horizon 
as are equal to the latitude of the place, and screw the quadrant 
of altitude upon the brass meridian over that latitude ; find the 
sun's place upon the ecliptic, bring it to the brass meridian, and 
set the index of the hour-circle to twelve ; bring the lower end of 
the quadrant of altitude to coincide with the given azimuth on the 
horizon, and hold it in that position ; turn the globe westward till 
the given star comes to the graduated edge of the quadrant, and 
the hours passed over by the index will be the time from noon ; 
the degrees on the quadrant, reckoning from the horizon to the 
star, will be the altitude. 

Examples. L At London, on the 28th of December, the azi- 
muth of Deneb in the Lion's tail marked ^, was 62^° from the 
south towards the west, what hour was it, and what was the star's 
altitude ? 

Jhwoer, By tarning the globe westward on its axis, the index will pass over 20 
hours befoM the star intersects the quadrant ; therefore the time will be 80 hoars 



r 
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from DOOD, or eight o'clock in the morning ; luid the etar'a altitude will be 40 ie- 
gieea. 

2. At London, on the 5th of May, the azimuth of Cor Leonis, 
or Regulus, marked •, was 74° from the soulh towards the west; 
required the star's altitude, and the hour of the night. 

3. On the 8th of October, the azimuth of the star marked ft 
in the shoulder of Auriga, was 50" from the north towards the 
east ; required its altitude at London, and the hour of the night. 

4. On the 10th of September, the azimuth of the star marked ', 
in the Dolphin, was 20" from the south towards the east ; required 
its altitude at London, and the hour of the night. 



PROBLEM LXXXVIIL 

TiBO stars being g^hvn, the one em the meridian, and the other on 
the east or viest part of the horiwn, to find the latitude of the 
place. 

RcLE. Bring the star which was observed to be on the 
meridian, to the brass meridian ; keep the globe from turning on its 
axis, and elevate or depress the pole till the other star comes to 
the eastern or western part of the horizon ; then the degrees from 
the elevated pole to the horizon will be the latitude. 

ExAMFLBS. L When the two pointers* of the Great Bear, 
marked a and 0, or Dubhe and j9, were on ihe meridian, I observed 
Vega in Lyra to be rising; required the latitude. 

.jnmicr. 37* north. 

2. When Arcturus in Bootes was on the meridian, Altair in 
the Eagle was rising ; required the latitude. 

3. When the Btar marked ? in Gemini was on the meridian, 
■ in the shoulder of Andromeda was setting; required the lati- 
tude. 

4. In what latitude are •> and R, or Sirius and j3 in Canis Major 
nsing, when Algenib, or «, in Perseus, is on the meridian ? 
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PROBLEM LXXXIX. 

The latitude of the place, the day of the month, and Odo stars 
that have the same azimuth,* being given, to find the hour of 
the night. 

Rule. Elevate the pole so many degrees above the horizoa 
as are equal to the latitude of the place, and screw the quadrant 
of altitude upon the brass meridian over that latitude ; find the 
sun's place in the ecliptic, bring it to the brass meridian, and set 
the index of the hour-circle to twelve : turn the globe on its axis 
from east to west till the two given stars coincide with the 
graduated edge of the quadrant of altitude ; the hours passed over 
by the index will show the time from noon ; and the common 
aximuth of the two stars will be found on the horizon. 

Examples. 1. At what hour, at London, on the first of May, 
will Altair in the Eagle, and Vega in the Harp, have the same 
azimuth, and what will that azimuth be ? 

Answer, By bringing the sun's place to the meridian, &c. and turning the globe 
westward, the index will pass over 15 hours before the stars coincide with the 
quadrant : hence they will have the same azimuth at 15 hours from noon, or at 
three o'clock in the morning ; aud the azimuth will be 42^® from the south towards 
the east. 

2. On the 10th of September, what is the hour at London, 
when Deneb in Cygnus, and Markab in Pegasus, have the same 
azimuth, and what is the azimuth ? 

3. At what hour on the 15th of April will Arcturus and Spica 
Yirginis have the same azimuth at London, and what will that 
azimuth be ? 

4. On the 20th of February, what is the hour at Edinburgh 
when Capella and the Pleiades have the same azimuth, and what 
is the azimuth ? 



♦ To find what stars have the same azimuth. — Let a smooth rectangular board 
of about a foot in breadth, and three feet high (or of any height you please), be 
fixed perpendicularly upon a stand ; draw a straight line through the middle of the 
board, parallel to the sides : fix a pin in the upper part of this hne, and make a hole 
in the board at the lower part of the line ; hang a thread with a plummet fixed to it 
upon the pin, and let the ball of the plummet move freely in the hole made in the 
lower part of the board : set this board upon a table in a window, or in the open air, 
and wait till the plummet ceases to vibrate : then look alonff the face of the board, 
and those stars which are partly hid from your view by the thread will have the 
■ame azimuth. 
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5, On the 21st of December, whal is ihe hour at Dublin wh< 
a or Algenib in Perseus, and ^ in the Bull's Horn, Imve the 
BzitauUi, and wliat is the azimuth ? 



PROBLEM XC. 



le HD^i 



T/w lalilude of Ihe place, Oic diy of the month, and two stars 
lliat have I/k tame altitude, being given, to find tftc hour of the 
niglU. 

Rule. Elevate the pole so many degrees above the horizon 
lie arc equal to the latitude of the place, and screw the quadrant 
of ahitude upon the brass meridian over that latitude ; find the 
Bun's place in the ecliptic, bring it to the brass meridian, and sej. 
the index of the bour-circle to twelve, turn the globe on its axis 
from east to west till the two given stars coincide with the given 
altitude on the graduated edge of the quadrant; the hours passed 
over by the index will be the time from noon when the two stars 
have that attitude. 

Examples. 1. At what hour at London, on the second of 
September, will Markab in Pegasua, and a in the head of An- 
dromeda, have each 30° of altitude ? 
AmvieT. At a quarter piul eigbt ia the evening. 

2. At what hour at London, on the 5th of January, will a, 
Menkar, in the Whale's jaw, and a, Aldebaran, in Taurus, have 
each 35° of altitude? 

3. At whal hour at Edinburgh, on the 10th of November, will 
a, Akair in the body of the Eagle, and Ci in the tail of the Eagle, 
have each 35° of altitude 1 

4. At what hour at Dublin, on the 15th of May, will i, Benet- 
nach in the Great Bear's tail, and x, in the shoulder of Bootes, 
have 56° of altitude ? 



PROBLEM XCL 

The altitudes of two stars having the same azimuth, and that 
aiimuth being given, to find the latitude of the place. 

Rdle. Place the graduated edge of the quadrant of altitude 
oyer the two stars, so that each star may be exactly under its 
^ven altitude on the quadrant ; hold the quadrant in this poaition, 
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and elevate or depress the pole till the division marked o, on the 
lower end of the quadrant, coincides with the given azimuth on 
the horizon : when this is effected, the elevation of the pole will 
be the latitude. 

Examples. 1. The altitude of Arcturus was observed to be 
40 deg., and that of Cor. Caroli 68 deg. ; their common azimuth 
at the same time was 71 deg. from the south towards the east ; 
required the latitude. 

Answer, 51i| deg. north. 

2. The altitude of t in Castor was observed to be 40 deg., and 
that of /a in Procyon 20 deg. ; their common azimuth at the same 
time was 73^ deg. from the south towards the east ; required the 
latitude. 

3. The altitude of a, Dubhe, was observed to be 40 deg., and 
that of y in the back of the Great Bear 29i deg., their common 
azimuth at the same time was 30 deg. from the north towards the 
east ; required the latitude. 

4. The altitude of Vega, or a in Lyra, was observed to be 70 
deg., and that of a. in the head of Hercules 39^ deg., their com- 
mon azimuth at the same time was 60 deg. from the south towards 
the west; required the latitude. 



PROBLEM XCII. 

The day of ike month being given, and the hour when any known 
star rises or sets, to find the latitude of the place. 

Rule. Find the sun's place in the ecliptic, bring it to the brass 
meridian, and set the index of the hour-circle to 12 ; then, if the 
given time be before noon, turn the globe eastward till the index 
has passed over as many hours as the time wants of noon ; but if 
the given time be past noon, turn the globe westward till the index 
has passed over as many hours as the time is past noon ; elevate 
or depress the pole till the centre of the given star coincides with 
the horizon ; then the elevation of the pole will show the latitude. 

Examples. L In what latitude does f, Mirach, in Bootes, rise 
at half past twelve o'clock at night, on the tenth of December ? 

Answer. 51^ deg. north. 

2. In what latitude does Cor Leonis, or Regulus, rise at 10 
o'clock at night, on the 21st of January ? 

3. In what latitude does $, Rigel in Orion, set at 4 o'clock in 
the morning, on the twenty- first of December ? 
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4. In what latitude does ^, Capricomus, s 
at night on the tenth of October ? 



PROBLEM XCIII. 



To find on what day of the year any ffiivn star passes the meridian 
at riny given hour. 

Rdle. Biing the given slar to the brass meridian, and set the 
index to 12 ; then, if the given time be before noon*, turn the 
globe westward til! the index has passed over as many hours as 
the time wants of noon ; but, if the given time be past noon, turn 
the globe easlward till the index has passed over as many hours 
as the time is past noon ; observe that degree of the ecliptic 
which is intersected by the graduated edge of the brass meridiati, 
and the day of the month answering thereto, on the horizon, will 
be the day required, 

Examples. 1. On what day of the month does Procyon come 
to the meridian of London at three o'clock in the morning ? 

AjimfT. Here the time is nine hoiin faprnro noon ; UiB ylgbe raust therefore b« 
turocd nine butirs tonards Ihe wca(, the point of Ibo ecliptic intersectnl by llie 
brttaa meridian will then be the ninth of f , anawering nEarfj to the first of Dee em- 
ber. 

y. On what day of the month, and in what month does «, 
Alderamin, in Ceplicus, come to the meridian of Edinburgh at 
ten o'clock at night 1 

.SnsiBtr. Here the time is ten hours after noon ; tlie glube mual therefore be 
turned ten liouis towards tlie east, the point of the echplic intersected by the brass 
meridian will then be the 17tb of fi!!, answering to the ninth of September. 

3. On what day of the month, and in what month, does )3, 
Deneb, in the Lion's tail, come to the meridian of Dublin at nine 
o'clock at night 1 

4. On what day of the month, and in what month, does Arc- 
turns in Bootes come to the meridian of London at noon ? 

5. On what day of the month, and in what month, does 5 in the 
Great Bear come to the meridiim of London at midnight? 

6. On what diiy of the month, and in what month, does Alde- 
baran come to ihe meridian of Philadelphia at five o'clock in the 
morning at London? 



ilace will be found 
ir wcalHianl [illllie 
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PROBLEM XCIV. 

The day of the month being given, to find at what hour any given 

star comes to the meridian.* 

Rule. Find the sun's place in the ediptic, bring it to the brass 
meridian, and set the index of the hour-circle to 12 ; turn the 
globe westward on its axis till the given star comes to the brass 
meridian, and the hours passed over by the index will be the time 
fix>m noon when the star culminates. 



Or, without the globe. 

Subtract the right ascension of the sun for the given day from 
the right ascension of the star, and the remainder will be the time 
of the star's culminating nearly.^ — ^If the sun's right ascension 
exceed the star's, add twenty-four hours to the stains before you 
subtract. 

Examples. 1. At what'hour does Cor Leonis, or Regulus, 
come to the meridian of London on the 23d of September ? 

Answer. The index will pass over 21| hours ; hence this star calminates or 
comes to the meridian 2t| hours after noon, or at three quarters past nine o'clock 
in the morning. 

2. At what hour does Arcturus come to the meridian of 
London on the 9th of February ? 

Ansvoer, The index will pass over 16i| hours ; hence Arctunu culminates 16j| 
hours after noon, or at half-past four o'clock in the morning. 

3. Required the hours at which the following stars come to the 
meridion of London on the respective days annexed. 



Bellatrix, January 9th. 
Menkar, May 18th. 
f Draco, Sept. 22d. 
a Dubhe, Dec. 20th. 



P M irach, October 5th. 
Aldebaran, Feb. 12th. 
P Aries, November Sth, 
f Taurus, January 24th. 



4. At what time did Sinus come to the meridian of Greenwich 
on the 18th of December, 1825, his right ascension being 99*" 22' 
49", and the sun's right ascension 266° I' 57". 



'■' This Problem is comprehended in Problem LXXL 
t Vide KM^H Trigonometry, fifwrth edition, p. S73. 
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PROBLEM XCV. 



Given tlic. mimulh of a known star, the Irililude, and the hour, to 
find die nini'ii altitude find thr day of the month. 

RcLE. Elevate the pole so many degrees above the horizon 
as are equal lo the latitude of tlie given place, screw the quadrant 
of allilude upon the brass merididn over that latitude, briog the 
division marked o on the lower eod of the quadrant to the given 
azimuth on the horizon, turn the globe till the star coincides with 
the graduated edge of the quadrant, and set the index of the 
hour-circle lo 12 ; then, if the given time be before noon, turn 
the globe westward till the index has passed over as many iiour« 
as the time wants of noon ; if the given lime be past noon, turn 
the globe eastward ttll the index has passed over as many hours 
as tfe time is past noon ; observe that degree of the ecliptic which 
is intersected by the graduated edge of the brass meridian, and 
the day oi the 'month answering thereto, on the horizon, will be 
(he day required. 

Examples. 1. At London, at ten o'clock at night, the azimuth 

of Spica Yirginis was ob?er\'cd to be 40 deg. from the south 
towards the west ; requireditsaltitude.and the day of the month. 



3. At London, at four o'clock in the morning, the azimuth of 
Arcturus was 70 deg. from the south towards the west ; required 
its altitude and the day of the month. 



ftnd tha Aa.y the litb of April. 

3. At Edinbur^, at eleven o'clock at night, the azimuth of a. 
Serpentarius, or Ras Alhagus, was60 d^. from the south towards 
the east ; required its altitude, and the Say of the month. 

4. At Ehiblin, at two o'clock in the morning, the azimuth of /s 
Pegasus, or Scheat, was 70 deg. from the north towards the east ; 
required its altitude and the day of the month. 
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PROBLEM XCVI. 

The altitude of trjoo stars being given^ tojind the latittide of the 

place. 

Rule. Subtract each star's altitude from 90 deg. ; take suc- 
loessively the extent of the number of degrees, contained in each 
<^the remainders, from the equinoctial, with a pair of compasses; 
.with the compasses thus extended, place one foot successively in 
the centre of each star, and describe arcs on the globe with a 
bbtcklead pencil ; these arcs will cross each other in the zenith ; 
bring the point of intersection to that part of the brass meridian 
which is numbered from the equinoctial towards the poles, and 
the degree above it will be the latitude.*' 

Examples. 1. At sea, in north latitude, I observed the alti- 
tude of Capella to be 30 deg., and that of Aldebaran 35 deg. ; 
what latitude was I in ? 

Annoer. "With an extent of 60 deg. (=90° — 30°) taken from the equinoctial, 
and one foot of the compasses in the centre of Capella, describe an arc towards the 
north; then with 55 deg. (^90° — 55°), taken in a similar manner, and one foot of 
the compasses in the centre of Aldebaran, describe an other arc, crossing the former; 
the point of intersection brought to the brass meridian will show the latitude to be 
80«| deg. north. 

2. The altitude ofMarkab in Pegasus was 30 deg., and that of 
Altair in the Eagle, at the same time, was 65 deg. ; what was the 
latitude, supposing it to be north ? 

3. In north latitude the altitude of Arcturus was observed to be 
60 deg., and that of p or Deneb, in the Lion's Tail, at the same 
time, was 70 deg. ; what was the latitude ? 

4. In north latitude, the altitude of Procyon was observed to 
be 50 deg., and that of BeteJgeux in Orion, at the same time, was 
58 deg. ; required the latitude of the place of observation. 



* The arc described in the rule will intersect twice ; and therefore if both points 
of intersection be within 90 degrees of the elevated pole, there will be two answers 
to the problem, or the required latitude will be ambiguous : if only one intersection 
be within 90 degrees of me elevated pole there will be no ambiguity, as the zenith 
most be within 90 degrees of the elevated pole. If it were unknown on which side 
of the equator the observations were made, either pole may be elevated, and the 
xenith or zeniths will be found as before. 



PROBLEM XCVII. 

The meridian aUiliide of a known star being given, at any place 
in north latitude, to find the latitude. 

Rdlk. Bring the given star (o that part of the brass meridian 
which is numbered from the equinoctial towards the poles ; count 
the number of degrees in the given altitude on the brass meridian 
from the star towards the south part of the horizon, and mark 
where the reckoning ends ; elevate or depress the pole till this 
mark coincides with the south poinl of the horizon, and the ele- 
vation of the north pole above the north point of the horizon will 
>bow the latitude. 

Examples. 1. In what degree of north latitude is the merid- 
ian altitude of Aldebaran 5'2\ deg. ? 

.inttEiT. 53 deg. X lain. norlU. 

2. In what degree of north latitude is the meiidian altitude of 
^, one of the pointers in Ursa Major, 90 deg. ? 

3. In what degree of north latitude is y, in the head of Draco, 
vertical when it culminates ? 

4. In what degree of north latitude is the meridian altitude of 
t or Mirach in Bootes, 68 degrees ? 



PROBLEM XCVIII. 

The latitude of a place, day of the mtmth, and hour of the day, 
being given, to find the nonagesimai, deorke* of uie ecliptix:, 
its cutitude and azimuth, and t/ie medium c<eu. 

Rule. Elevate the north pole to the latitude of the given 
place, and screw the quadrant of altitude upon the brass meridian 
over that latitude ; find the sun's place in the ecliptic, bring it to 
the brass meridian, and set the index of the hour-circle to 13 ; 



* The ponageumAl degree ef die ecliptic is tbal point which iBthemosteleratfd 

abore the hoiizon, and is meuured by tKe ansle which the ecliptic mtke* with the 
horiional any ale»ttlion of the pole: or, it ii Uie di stance between the lentlh of the 
place and the pole of the ecliptic Tliis an^le ie freque nil; used in the calculalioo 
of Bolar eclipaea. The medium cibU, or mid-heaven, is that poinl of the MlipUc 
which is upon the mehdian. 



.'"^ 
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then if the given time be before noon, turn the globe eastward till 
the index has passed over as many hours as the time wants of 
noon ; but, if the given time be past noon, turn the globe west- 
ward till the index has passed over as many hours as the time is 
^ .past noon, and fix the globe in this position ; count 90 deg. upon 
^ the ecliptic from the horizon (either eastward or westward), and 
mark where the reckoning ends, for that point of the ecliptic 
■ will be the nonagesimal degree, and the degree of the ecliptic cut 
' by the brass meridian will be the medium coeli ; bring the grad- 
I itaited edge of the quadrant of altitude to coincide with the nona- 
' gesimal degree of the ecliptic thus found, and the number of de- 
grees on the quadrant, counted from the horizon, will be the alti- 
tude of the nonagesimal degree : the azimuth will be seen on the 
horizon* 

Examples. 1. On the 21st of June, at forty-five minutes past 
three o'clock in the afternoon at London, required the point of 
the ecliptic which is the nonagesimal degree, its altitude and azi- 
muth, the longitude of the medium cceli, and its altitude, &c. 

•Auioer. The nonagesimal degree is 10 deg. in Leo. its altitude is 54 deg., and 
its azimuth 22 deg. from the south towards the west, or nearly S. S. W. The mid- 
heaven, or point of the ecliptic under the brass meridian, is 24 deg. in Leo, and it* 
tltitode above the horizon is 52 deg. The degree of the equinoctial cut by the brass 
meridian, reckoning from the point Aries, is the right ascension of the mid-heaven, 
which in this example is 146 degrees. The rising point of the ecliptic will be found 
to be 10 deg. in Scorpio, and the setting point 10 degrees in Taurus. If the grad- 
uated edge of the quadrant be brought to coincide with the sun's place, the sun's 
altitude will be found to be 39 deg., and his azimuth 78^ deg. from the south towards 
the west, or nearly W. by S. 

2. At London, on the 24th of April, at nine o'clock in the 
morning ; required the point of the ecliptic which is the nona- 
gesimal degree, its altitude and azimuth, the point of the ecliptic 
which is the mid-heaven, &c. &c. 

3. At Limerick, in 52 deg. 22 min. north latitude, on the 15th 
of October, at 5 o'clock in the afternoon ; required the point of 
the ecliptic which is the nonagesimal degree, its altitude and azi- 
muth, the point of the ecliptic which is the mid-heaven, &c. &c. 

4. At Dublin, in latitude 53 deg. 21 min. north, on the I5th of 
January, at two o'clock nn the afternoon ; required the longitude, 
altitude and azimuth, of the nonagesimal degree ; and the longi- 
tude and altitude of the medium cceli, &c. &c. 




PROBLEM XCIX. 



The latitude of a place, day of the month, and the hour, together 
with the altitude and aiimuih of a star, being given, to find the 



Bulk. Elevate the pole so many degrees above the horizon as 
ore equal to the latitude of the place, and screw the quadrant of 
altitude on the brass ntendian over that latitude : find the sun'e 
place in the ecliptic, bring it to the brass meridian, and set the in- 
dex of the hour-circle to 12 ; then, if the given time be before 
noon, turn the globe eastward till the Index has passed over aa 
many hours as the time wants of noon ; but, if the time be past 
noon, turn the globe westward till the index has passed over as 
many hours as the time is past noon ; let the globe rest in this 
position, and bring the division marked O on the quadrant to the 
given azimuth on the horizon ; then, immediately under the given 
altitude on the gradnated edge of the quadrant, you will find the 
star. 

Examples. 1. At London, on the 2lBt of December, at four 
o'clock in the morning, the altitude of a star was .50', and its azi- 
muth was 37° from the south towards the east, required the name 
of the star. 

.tbuuia*. Deneb, or B in the Lion's lail. 

2. The altitude of a star was 27°, its azimuth 76^" from the 
Bouth towards the west, at 11 o'clock in the evening at Londoo, 
on the UthofMay; what star was it ? 

3. At London, on the 21st of December, at four o'clock in the 
morning, the altitude of a star was eight degrees, and its azimuth 
51° from the south towards the west ; required the name of the 
star. 

4. At London, on the first of September, at nine o'clock in the 
evening, the altitude of a star was 47°, and its azimuth 73° from 
the south towards the east ; required the name of the star. 



r>^ 
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PROBLEM C. 

To find the time of the moovCs southing, or coming to the meridian 
of any place, on any given day of the month. 

Rule. Elevate the pole so many degrees above the horizon as 
are equal to the latitude of the given place ; find the moon's lati- 
tude and longitude, or her right ascension and declination, from 
an ephemeris, and mark her place on the globe ; bring the sun's 
place to the brass meridian, and set the index of the hour-circle to 
12 ; turn the globe westward till the moon's place comes to the 
meridian, and the hours passed over by the index will show the 
time from noon when the moon will be upon the meridian. 

• Or, without the globe. 

Find the moon's age by the table, at page 176, which multiply 
by 81*, and cut off two figures from the right hand of the product, 
the left-hand figures will be the hours; the right-hand figures 
must be multiplied by 60, for minutes. 

Or, correctly, thus: 

Take the difference between the sun's and moon's right ascen- 
sion in 24 hours ; then, as 24 hours diminished by this difference 
is to 24 hours, so is the moon's right ascension at noon, diminished 
by the sun's, to the time of the moon's transit. 

Examples. 1. At what hour, on the 10th of April 1825, did 
the moon pass over the meridian of Greenwich ? The moon*s 
right ascension at midnight being 30P 15', and her declination 17"* 
la south. 

Answer, By the Globe, — The moon came to the meridian at three quarters past 
six in the morning.f 

By the Table, page 176. — ^The moon's age was 23; this multiplied by 81 produces 
1863, that is, 18 hours and 63 over ; this 63, multiplied by 60, produces 3780, which, 



'<' For, the synodic revolution of the moon being about 29| days, we hare by the 
rule of three, as 29i| d. : 24 h. : : 1 d. : 81 h. 

t The time of the moon's rising and setting may be found as for a star or a planet, 
see Problem LXXI. ; but on account of the moon's swifl and irregular motion, 
the solution will difier materially from the truth. 




Bruttnt lit J^antical .11mm 
»un'B light aiccnaioii 



Inl^rc■■e of motion in i 

Mood'b ngbt ftBcennioi 
Ditto 

lncraa«e in C4 hours - ■ • 

enci- i9 24" iliminiihed by y ity, leaves IS- 44" I 



2. At what hour, on the firet of January, lH2(j, will the^oon 
pass over ihe meridian of Greeawich, the moon's right ascension 
at noon being 187 deg. 46 min., and declination 8 degrees 20 min. 
floath? 

3. Al what hour, on the 12th of March 1826, will the moon pass 
over the meridian of Greenwich, the moon's right ascension at mid- 
night being S6 deg. 11 min.,und(icc!ination lOdcf?. 43 min. north? 

4. At what hour, on the ITlh of October IS^ti, will the moon 
pass over the meridian of Greenwich, the moon's right ascension 
at noon being 38 deg. 15 min., and declination 16 deg. 15 min. 
north? 



PROBLEM CI. 



Th* day of the month, latitude of the place, and lime of hi^ toater 
at the/uil and change of the Titoon being given, to find the tmte of 
high water on the given day. 

Rule. Find the time at which the moon cornea to the merid- 
ian of the given place by the preceding problem, to which add 



■dded to the moon's right 
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the time of high water at the given place at the full and change 
of the moon (taken from the following Table), and the sum will 
show the time of high water in the afternoon. If the sum exceed 
twelve hours, subtract 12 hours and 24 minutes from it, and the 
remainder will show the time of high water in the morning ; but 
if the sum exceed 24 hours, subtract 24 hours and 48 minutes 
from it, and the remainder will show the time of high water in 
the afternoon. 



Or, by THE TABLE, PAGE 176. 

Find the moon's age by the Table, at page 176., and take out 
the time from the right-hand column thereof, answering to the 
moon's age ; to which add the time of high water at the full and 
change of the moon (taken from the following Table), and the 
sum will show the time of high water in the afternoon. If the 
sum exceed 12 hours, subtract 12 hours and 24 minutes from it^ 
and the remainder will show the time of high water in the morn- 
ing; but, if the sum exceed 24 hours, subtract 24 hours and 48 
minutes from it, and the remainder will show the time of high 
water in the afternoon. 



Or thus: 

Find the time of the moon's coming to the meridian of Green- 
wich on the given day, at page VI. of the Nautical Almanac; take 
out the correction (from the following Table) to correspond to 
this time, and apply it as the Table directs ; to the result add the 
time of high water at the full and change of the moon (taken from 
the following Table), and the sum will show the time of high 
water in the afternoon. If the sum exceed 12 or 24 hours, pro- 
ceed as above. 

Examples. 1. Required the time of high water at London 
Bridge on the 2d of April 1825, the moon's right ascension at 
that time being 179 deg. 24 min., and her declination 5 deg. 10 
min. south? 

Answer. By the Globe. — The moon came to the meridian at 11 h. 15' 

Time of high water at the full and change at London - 3 

Sum - - - - 14 15 

Subtract from it - - 12 24 



Time of high water in the morning .... 1 51 

39 
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PROBIXMS FEKFORMED BY 



PROBLEM Cil. 



e the appai-ent palh of any piand, or of a comet, amongst 
the fixed ttara. 

Rule. Draw a slraigltl line o, o, to represent the ecliptic, and 

divide it into any convenient '■^r of equal parts. Set off 

eight of those equal piirts ii<riiii>vard and southward of the 
ecliptic, at each end ihcrcof, and draw lines as in the figure Plate 
V. ; these will represent the zodiac. Find the planet's geocentric 
latitude and longitude in an ephemeris.or in the Nautical Almanac, 
and mark its place for every month, or for several days in each 
month, beginning at the right hand of the ecliptic line, and 
proceeding towards the left.* 

Find the latitudes and longitudesf of the principal stars in the 
several constellations near which the planet passes, and set them 
oSTin a simitar manner from the right hand towards the left; you 
will thus have a complete picture of any part of the heavens, 
with the positions of the several stars, &c. as they appear to a 
spectator on the earth. 

Example. Delineate the path of the planet Jupiter for the 
year 1811 ; the latitudes and longitudes being as follow4 



' The young sludenl will recoiled that the slars appear in a contrary order id 
the heavens to what they do on the surface of a globe. In the henvena we see lbs 
concave part, on Ihe globe the coniei. This manner of delineating the alars will 
be round extremely useful, and will enable the aliident Co know their names and 
places Boonei than by Ihe globe. 

t The places of the stars may likewiBe be laid down by their right ascensionB and 
declinations, by drawing a portion of the equinoctial instead of Ihe ecUptic. 

! As Jupiter performa his revolution round the sun in II years 315 days (see 
page 1S6) he will have nearly the same longitude in the years 1S23 and 1325, 
consequently he will pass through the same constellations as ste delineated in 
Plate V. 
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Jan. 1st 
Feb. 7th 

25th 

March 1st 

25th 

April 1st 

25th 

May 1st 

13th 

25th 

June 1st 

25th 

July 7th 



Longitudes. 

Is 21° 45' 
1 22 11 
1 23 58 
1 24 29 
1 28 16 

1 29 35 

2 4 30 
2 5 49 
2 8 31 
2 11 17 
2 12 54 
2 18 27 
2 21 49 



Latitudes 

0° 57 S. 
47 S. 
43 S.. 
42 S. 
37 S. 
36 S. 
32 S. 
31 S. 
30 S. 
29 S. 
28 S. 
26 S. 
25 S. 



July 25th 
Aug. 7th 

19th 

25th 

Sept. 7th 

25th 

Oct. 7th 

25th 

Nov. 1st 

19th 

25th 

Dec. 13th 
25th 



Longitudes. 

28 25° r 

2 27 36 

2 29 48 

3 48 
2 45 



3 
3 
3 
3 
3 
3 
3 
3 
3 



4 
5 



50 
44 



6 15 
6 10 



5 
4 



12 
40 
2 34 

57 



Latitudes. 

0° 24' S. 
23 S. 
22 S. 
22 S. 
21 S. 
21 S. 
20 S. 
19 S. 
18 S. 
17 S. 
16 S. 
14 S. 
12 S. 



Jupiter's path, when delineated, will be south of the ecliptic in 
the order A, B, C, D, E, F, G, H. Thus, he will appear at A on 
the first of January, at B on the first of March, at C on the first 
of April, at D on the first of May, at E on the first of June, at P 
on the 7th of July, at G on the 25 of August, and at H on the 
25lh of October. On the 25th of August, when Jupiter appears 
at G, he will be a little to the right hand of the star marked n in 
Gemini ; when he arrives at H, which will happen on the 25th 
of October, he will apparently return again to G, a small matter 
above his former path, where he will be situated on the 25th of 
December. Jupiter will not be visible during the whole of his 
apparent progress from A to H, being too near to the sun during 
the months of May and June. 

In the same manner the places and situations of the stars may 
be delineated ; thus Aldebaran, the principal star in the Hyades, 
will be found by the globe, (or a proper table) to be situated in 7° 
of n and in 5J° of south latitude ; Betelgeux in Orion's right 
shoulder, is about 26° of n and 16" of south latitude, and its place 
may be laid down on a map by extending the line of its longitude, 
as from L, till it meets a straight line passing through 16, 16, on 
the sides of the map. In the same manner any other star's situ- 
ation may be described ; thus the Hyades will appear at Q, the 
Pleiades at P, &c. and Bellatrix, ^. as in the figure. 

The constellation Orion, here described, is a very conspicuous 
object in the heavens in the months of January and February, 
about 9 or 10 o'clock in the evening, and will be an excellent 
guide for determining the positions of several other constellations, 

{articularly Canis Major, Cams Minor, Auriga, &c See page 
29. 




PART IV. 



1. A promiscuous Collection of Examples exerdsitiff the Problems 
on the Globes. — iJ. A collection of Questio/u, with Reference* 
to the pages where the Ansuxrs will be found ; designed as an 
Assistant to the Tutor in the Examination of the Scholar. 



CHAPTER I. 

A promiscuous Collectioti of Examples exercising the Problems 
OH the Gkites. 

1. What day of the year is of the same length aa the I4th of 

August ? 

2. How many miles make a degree of longitude in the latitude 
of Lisbon ' 

3. At what hour is the sun due east at London on the 5th of 
May? 

4. There is a place in the parallel of 31 degrees of north lati- 
tude, which is 31 degrees distant from London ; what place is it ? 

5. If the sun's meridian ahitude at London be 30 degrees, what 
day of the month, and what month is it ? 

6. On what month and day is the sun's meridian altitude at 
Paris equal to the latitude of Paris ? 

7. When y Draconis is vertical to the inhabitants of London 
at ten o'clock at night ; what day of the month, and what month 
is it? 

8. What is the equation of time dependent on the obliquity of 
the ecliptic on the 14th of July ? 

9. I observed the pointers in the Great Bear, on the meridian 
of London, at eleven o'clock at night ; in what month, and on 
what night, did this happen? 

10. On what day of the month, and in what month, will the 
ihadow of a cane placed perpendicular to the hori2on of Lon- 
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don, at ten o'clock in the morning, be exactly equal in length to 
the cane ? 

11. The earth goes round the sun in 365 days 6 hours nearly ; 
how many degrees does it move in one day, at a medium ? Or, 
what is the daily apparent mean motion of the sun ? 

12. The moon goes once round her orbit, from the first point 
of the sign Aries to the same again, in 27 days 7 hours 43 min. 
5 seconds : what is her mean motion in one day ? 

13. The moon turns round her axis, from the sun to the sun 
again, in 29 days 12 hours 44 minutes 3 seconds, which is exactly 
the time that she takes to go round her orbit from new moon to 
new moon ; at what rate per hour are the inhabitants (if any) of 
her equatorial parts carried by this rotation, the moon's diameter 
being 2144 miles ? 

14. How many degrees does the motion of the moon exceed 
the apparent motion of the sun in 24 hours ? 

15. Find on what day, in any given month, the moon is eight 
days old, and then find her longitude for that day. 

16. Travelling in an unknown latitude I found, by chance, an 
old horizontal dial ; the hour-lines of which were so defaced by 
time that I could only discover those of IV. and V., and found 
their distance to be exactly 21 degrees ; pray, what latitude was 
the dial made for ? 

17. Required the duration of twilight at the south pole. 

18. How far must an inhabitant of London travel southward 
to lose sight of Aldebaran ? 

19. What is the elevation of the north polar star above the 
horizon of Calcutta ? 

20. Lord Nelson beat the French fleet near latitude 21 deg. 11 
min. north, longitude 30 deg. 22 min. east ; point out the place 
on the globe. 

21. What is the sun's altitude at three o'clock in the afternoon 
at Philadelphia on the 7th of May? 

22. What is the length of the day at London on the 26th of 
July, 'and how many degrees must the sun's declination be dimin- 
ished to make the day an hour shorter ? 

23. At what hour does the sun first make his appearance at 
Petersburgh on the 4th of June ? 

24. At what rate per hour are the inhabitants of Botany Bay 
carried from west to east by the rotation of the earth on its axis ? 

25. When Arcturus is 30 degrees above the horizon of Lon- 
don, and eastward of the meridian, on the 5th of November, what 
o'clock is it ? 
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imbe BD borizoolal dial fur the latitude of Washingtoa. 
■ 'i--«cribe arerticai dial facing the south for the latitude of 

at is the moon's greatest altitude to the inhabitants of 
•-n I 

What is the sun's greatest altitude at the soutbem extrero- 
ui Patagonia T 

■0. At what hour at London, on the Ifiih of August, will the 
indes be on the meridian of Philadelphia? 
ol. If a comet, whose longitude was 4 signs 5 deg,, and lati- 
tude 44 deg. north, appeared in Ursa Major, in what part of the 
constellation was it 1 

32. On what point of the compass does the sun set at Mad- 
rid, when constant twilight begins at London ? 

33. What is the difference between the duration of twilight at 
Pelersburgh and Calcutta, on the first of February ? 

34. How much longeris the lOthof Decemberat Madrasthan 
at Archangel ? 

35. How much longer is tlie 5th of May at Archangel than at 
Madras? 

36. When it is two o'clock in the afternoon at London, on the 
I5th of February, to what places is the sun rising and setting, and 
where is it noon ? 

37. Whether does the sun shine over the north or south pole 
on the 17th of April, and how far ? 

38. At what hour on the I8th of April will the sun's altitude 
and azimuth, from the east towards the south, be each 40 degrees 
at London f 

39. Which way must a ship steer from Rio Janeiro to the Cape 
of Good Hope ? 

40. Are the clocks at Philadelphia faster or slower than those 
at London, and how much ? 

41. Aie the clocks at Calcutta faster or slower than the clocks 
at London, and how much ? 

43. What is the difference of latitude between Copenhagen 
and Venice ? 

43. There is a place in latitude 31° 11' north, situated, by an 
angle of position, south-east by east ^ east from London ; what 
place is that, and how far is it from London in English miles 1 

44. On tlie 1st of February 18:25, the longitude of Venus was 
II signs 25° 41-, latitude 0° 26' south ; did Venus rise before or 
after the sun, and how much ? 

45. On the 7th of September 1825, the longitude of Venus 
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Jl'l min., latitude deg. 51 mia. south ; will 

)t1er tliG sun, and how much ? 

y of December, 1826, the longitude of the 

6 signs, 12 deg. 34 min,, latitude 1 deg. 18 

yuar will lie rise, cOme to the meridian, and 

lanuary 1835, the moon's longitude at mid* 
•^g. 30 min., latitude 4 deg. 28 min. south ; 

ilililude at London, and the hour and azi- 
It deg. above the horizon. 
* igilude on the 5th of November 1826, at 

'^ns, 4 deg. 1 min., latitude 4 deg. 59 min, 
;jne of her rising, coming to the meridian, 
", and the time of high water at London 

■ of the earth will the ihoon be vertical on 

1826, her longitude at midnight heing 10 

, ftnd latitude 4 deg, 40 min. north f 

I March, IH'iS, the moon's ascending node 

;. 14 min, ; where will the descending node 

'olination at midnight, on the 1st of Novem- 
< deg. 15 min. south ; to what places of the 

e coiiKtantly above the horizon of Copenha- 

i altitude of Betelgeux to be 19 deg. and that 

D deg, ; they both appeared in the same azimuth, 

ht : what latitude was 1 in ? 

|(tt latitude is Aldebaran on the meridian when fi in 

s rising ? 

^tiat latitude is Rigel setting when Regulus is on the 

What latitude are the pointers in the Great Bear on the 
I when Vega is rising 1 

a latitude 79 deg. north, on the 1st of February, at what 
IFill Procyon and Reguhis have the same altitude ? 
r At what hour on the 10th of February, will Capella and 
^ron have the same azimuth at London ? 
>9. On the 10th of November at eight o'clock in the evening, 
iillatrix in the left shoulder of Orion was risiDg : what was the 
(titade of the place ? 

40 
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On the 16th of Febmarj', Arclurus rose at eight o'clock ia 

Tcning ; what was the latitude ? 

At what hour of the night, on the I6tli of February, will 

altitude of Regulus be 28 deg. at London I 

2. Required the uliitude and azimuth of Markab in Pegasus, 

L>ondon, on the ^Ist of September, at nine o'clock in the eve- 

On what day of the month, and in what month, will the 
.jiniers of the Great Bear be oa the meridian of London at mid- 
night ? 

(54. What inhabitants of the Bm th have the gi^ateBt portion of 
moon-Hght 1 

65. On what day of the year will Altair, in the Eagle, come 
to the meridian of Ix>ndon with the sun ? 

66. In what latitude north is the length of the longest day 11 
times that of the shortest? 

67. In what latitude south is the longest day eighteen hours ? 

68. At what time does the morning twilight begin, and at what 
time does the evening twilight end, at Philadelphia, on the 15th 
of January ? 

69. When it is four o'clock in the ailemoon at London, on tlie 
4th of June, where ia it twilight? 

70. Required the antipodes of Cape Horn. 

71. Required the Periosci of Philadelphia. 

72. Required the anttEci of the Sandwich Islands. 

73. What is the angle of position between London and Jerusa- 
lem ? 

74. Required the distance between London and Alezandiia, 
in English and in geographical miles ? 

75. In what latitude north does the sun begin to shine con- 
stantly on the lOth of April? 

76. How long does the sun shine without setting at the north 
pole ; and what is the duration of dark night 7 

77. Where is the sun vertical when it is midnight at Dublin on 
the 15th of July? 

78. When it is five o'clock in the evening at Philadelphia, 
where is it midnight, and where is it noon ? 

79. What places have the samehoursofthedayasEdinbui^h? 

80. What places have opposite hours to the respective capitals 
of Europe ? 

81. At what hour at London is the sun due east at the time of 
the equinoxes? 
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82. At what hour at London is the sun due east at the time of 
the solstices ? 

83. In what climates are the following places situated, viz. 
Philadelphia, Madrid, Drontheim, Trincomale, Calcutta, and 
Astracan ? 

84. On what day of the year does^egulus rise heliacally at 
London ? 

85. On what day of the year does Betelgeux set heliacally at 
London ? 

86. What stars set acronically at London on the 24th of De- 
cember ? 

87. What stars rise acronically at London on the 12th of De- 
cember ? 

88. In what latitude north do the bright stars in the head of the 
Dolphin, and Altair in the Eagle, rise at the same hour? 

89. In what latitude north do Capella and Castor set at the 
same hour, and what is the difference of time between their com- 
ing to the meridian ? 

90. What stars rise cosmically at London on the 7th of De- 
cember ? 

91. What stars set cosmically at London the 10th of Decem- 
ber ? 

92. What degrees of the ecliptic and equinoctial rise with 
Aldebaran at London ? 

93. On what day of the year does Arcturus come to the me- 
ridian of London, at two o'clock in the morning ? 

94. On what day of the year does Regulus come to the merid- 
ian of London, at nine o'clock in the evening ? 

95. At what time does Vega in Lyra come to the meridian of 
London, on the 18th of August? 

96. Trace out the galaxy or milky- way on the celestiai globe. 

97. If the meridian altitude of the sun on the 7th o/' June be 
50 deg., and south of the observer, what is the lal'tude of the 
place ? 

98. Required the sun's right and oblique ascension at London 
at the equinoxes. 

99. Required the sun's right ascension, oblique ascension, as- 
censional difference, and time of rising and setting at London, on 
the 5th of May ? 

100. If the sun's rising amplitude on the 7th of June be 24 
deg. to the northward of the east, what is the latitude of the 
place ? 

101. What Stan have the following degrees of right ascensions 
and declinations ? 
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7" 10' R.A. 29<* 45' D.N. 11 163" 49' R.A. 69° 50' D.N. 
14 38 R.A. 34 33 D.N. 244 17 R.A. 25 2S U.S. 
135 59 R.A. a 10 D.N. || 238 27 R A. 19 15 D.S. 

10*2. Describe an horizontal sun-dial, for the latitude of Edin- 
burgh. 

103. What is the length of the day on February 14ih at Lon- 
don, and how much must the sun's declination decrease lo make 
the day an hour longer ? 

104. What hour is it at London when it is 17 minutes past 4 
in the evening at Jerusalem 7 

105. On the 'ilst of June, the sun's altitude was observed to be 
46 deg. 25 min., and his azimuth 1 12 dcg. 59 min. from the north 
towards the east, at London ; what was the hour of the day 1 

106. Given the sun's declination 17 deg. 2 min. north, and in- 
creasing ; to find the sun's longitude, right ascension, and the an- 
gle formed between the ecliptic and the meridian passing through 
the sun. 

107. Given the sun's right ascension 225 deg. 18 min. lo find 
bis longitude, declination, and the aogic formed between the 
ecliptic and the meiidian passing through the sun. 

106^ Given the sun's fon^tude 26 deg. 9 min. in ^ ; to iind 
his declination, right ascension, and the angle formed between the 
ecliptic and the meridian passing through the sun. 

U>9. Given the sun's amplitude 31) dcg. 50. min. from Ihe east 
towards the north, and his declination 23^ deg. north : to find the 
laiitode of the place, the lime of the sun's rising and setting, and 
the length of the day and night. 

110. At what time, on the first of April, will Arclurus 
appear upon the 6 o'clock hour-line at London, and what will his 
allitudri and azimuth be at that time? 

111. Required the altitude of the fun, and the hour he will a]>- 
pear due visl at London, on th^ 20lh of May. 

112. At what hours will Arcturus appear due east and west at 
London, on the 2d of April, and what will its altitude be ? 

1 13. At London, the sum's altitude was observed to be 25 dcg. 
30 min. when on the prime vertical ; required his declination and 
the hour of the day. 

114. On the 25"th of April 1826, the moon's right ascension at 
midnight will be 266 deg. 23 min., and her declination 21 deg. 18 
min. south; required her distance from Rcgulus, Procyon, and 
Betclguex, at that time ? 

115. The distance of a comet from Sirius was observed to be 
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66 deg., and from Procyon 51 deg. 6 min. ; the comet was west- 
ward of Sirius : required its latitude and longitude. 

116. Find the Golden Number, the Epact, Sunday Letter, 
the Number of Direction, the Paschal full moon, and Easter day, 
for the years 1826, 1828, 1835, and 1840, distinguishing the leap- 
years. 

117. The declination of y in the head of Draco is 51 deg. 31 
min. north ; to what places will it be vertical when it comes to 
their respective meridians ? 

118. When it is four o'clock in the evening at London on the 
4th of May, to what -places is the sun rising and setting, where 
is it noon and midnight, and to what place is the sun verical ? 

119. At what time does the sun rise and set at the North 
Cape, on the North of Lapland, on the 5th of April, and what is 
the length of the day and night ? 

120. At what time does the sun rise at the Shetland Islands 
when it sets at four o'clock in the afternoon at Cape Horn ? 

121. Walking in Kensington Gardens on the 17th of May, it 
was twelve o'clock by the sun-dial, and wanted eight minutes to 
twelve by my watch ; was my watch right ? 

122. If the sun set at nine o'clock, at what time does it rise, 
and what is the length of the day and night? 

123. Where is the sun vertical when it is five o'clock in the 
morning at London on the 15th of May ? 

124. At what hour does day break at London on the 5th of 
April ? 

125. If the moon be five days old on the 9th of June 1826, at 
what time does she rise, culminate, and set, at London ? 

126. On what day of the month, and in what month, does the 
sun rise 24 deg. to the north of the east at London ? 

127. When the sun is rising to the inhabitants of London on 
the 8th of May, where is it setting ? 

128. When the sun is setting to the inhabitants of Calcutta, on 
the 18th of March, where is it midnight? 

129. What is the difference between the circumference of the 
earth at the equator and at Petersburgh, in English miles ? 

130. At what hour does the sun rise at Barbadoes when con- 
stant twilight begins at Dublin ? 

131. When the sun is rising at Owhyhee on the 18th of May, 
where is it noon ? 

132. At what hour does the sun rise at London when it sets at 
seven o'clock at Petersburg ? 
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133. How high is the nortli polar star above the horizon of 
Quebec ? 

134. HoW many English miles must an inhabitant of London 
travel souihward, that the meridian altitude of the north polar 
star may be diminished 25 degrees? 

135. How many English miles must I sail or travel westward 
from London that my watch may be seven hours too fast ? 

136. What place of the earth has the sun in the zenith, when 
it is seven o'clock in the morning at London, on the 25th of 
April? 

137. On what day of the month, and in what month, is the 
bud's amplitude at London equal to one-third of the latitude? 

138. On what month and day is the sun's amplitude at London 
equal to the latitude of Kingston, in Jamaica ? 

139. If the moon be three days old on the 10th of March 1826, 
what is her longitude? 

140. If the highest point of Mont Blanc be 5101 yards above 
the level of the sea, what would be its altitude on a globe of 18 
inches in diameter? 

141. If the polar diameter of the earth be to the equatonal 
diameter as 329 is to 230, what would the polar diameter of a 
three-inch ;globe be, if constructed on this principle ? 

14-i. ^V\y.,l inlialjiliinls of the earfh, in the course of 12 hours, 
will be in the same situation as their antipodes ? 

143. On what day of the year at London is the twilight eight 
hours long ? 

144. At what time does the sun rise and set at London when 
the inhabitants of the north pole begin to have dark night? 

145. At what hour does the sun set at the Cape of Good Hope, 
when total darkness ends at the north pole? 

14G. What is the moon's longitude if full moon happens on the 
2d of April 1825? 

147. Does the sun ever rise and set at the north pole ? 

148. At what hour of tht, dn\ on the 15th of April, will a 
person at London ha\e his shadow the shortest possible? 

149. If the precession of the equinoxes be 50} seconds in a 
year, how many years will elapse before the constellation Aries 
will coincide with ihc solstitid coluie? 

150. If the obliquity of the ecliptic be continually diminishing 
at the rate of 56 seconds m acenturj.as stated by several authors, 
how many years will elapse from the 1st of January 1825, when 
theobliquityof the ecliptic was 23 degrees 27 minutes 44 seconds, 
before tiie ecliptic will coincide with the equinoctial ? 
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151. Required the duration of dark night at the south of Nova 
Zembla. 

152. When constant twilight ends at Petersburgh, where is the 
day 18 hours long ? 

153. At what hour does the sun set at Constantinople, when it 
rises 12 degrees to the north of the east ? 

154. What is the difference between a solar and a siderial 
year, and what does that difference arise from ? 

155. What is the difference between the length of a natural or 
astronomical day and a siderial day, and how does the difference 
arise ? 

156. Required the difference between the length of the longest 
day at Cape Horn and at Edinburgh. 

157. If one man were to travel eight miles a day westward 
round the earth at the equator, and another two miles a day 
westward round it in the latitude of 80 degrees north ; in how 
many days would each of them return to the place whence he 
set out ? 

158. If a pole of 18 feet in length be placed perpendicular to 
the horizon of London on the 15th of July, and another exactly 
of the same length be placed in a similar manner at Edinburgh, 
which will cast the longer shadow at noon ? 

159. If the moon be in 29 degrees of Leo at the time of new 
moon, what sign and degree will she be in when she is five days 
old? 

160. What is the duration of constant day or twilight at the 
north of Spitzbergen ? 

161. What place upon the globe has the greatest longitude, the 
least longitude, no longitude, and every longitude ? 

162. In what latitude is the length of the longest day, to the 
length of the shortest, in the ratio of 3 to 2 ? 

163. If a man of six feet high were to travel round the earth, 
how much farther would his head go than his feet ? 

164. On what day of the week will the tenth of January fall 
in the year 1835 ? 

165. At what hour, in the afternoon, London time, on the 21st 
of June, will the shadow of a pole ten feet high at Barbadoes, be 
of the same length as the meridional shadow of a similar pole at 
London on the same day ? 

166. One end of a wall declines 30 degrees from the east 
towards the north, and the other end 60 deg. from the south 
towards the west in latitude 51^ 30^ N. ; at what hour on the 21st 
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of June does the sun liegin to shine on ihe south of the wall, and 
at whut hour does it le»ve it ( 

167. The south wall of a church declines 13 dcg. 30 min. 
lowurds the east, in latitude 52 deg. N,, against which a vertical 
dial ii! tixed ; for how many hours will the sun shine upon that 
dial on the tenth of May? 

168. A clock, with a pendulum that beat seconds, and kept 
true lime on the surface of the earth, was carried to the top of a 
mountain, and there lost 3 seconds in an hour ; what was the 
height of the mounlsin ? 



A Collection of Questions, vyith References to the Pnges where 
the .^jmoers will be found ; designed as an Assistant to the 
Tutor* in the examination of tlte Student. 

1. How many kinds of artificial globes are there ? 

2. Whet does the surface of the terrestrial globe represent, 
and which way la its diurnal motion? page 1, 

3. What does the surface of the celestial globe exhibit, which 
way is its diurnal motion, and where is the student supposed to 
be situated when using it 1 



* Though a reference be ^ven to Ihe pages where Ihe snaweri to each queBlion 
9j be foiinil ; jet, perhaps, it would be better for the student not to learn the 
iswera hy heart, verbUim from the book ; but to frame an answer himself, from 
L attentive perusal of his lesson : by whicU meaoa the uader»landing will be 
lied into exercise as well as the memoiy. 
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I. GREAT CIRCLES ON THE TERRESTRIAL GLOBE. 

1. What is a great circle, and how many are there drawn 
on the terrestrial globe ? Definition 6, page 26. 

2. What is the equator, and what is its use ? Def. 10, page 
26. 

3. What are the meridians, and how many are drawn on the 
terrestrial globe ? Def, 8, page 26. 

4. What is the first meridian ? Def, 9, page 26. 

5. What is the ecliptic, and where is it situated? Def. 11, 
page 27. 

6. What are the colures, and in how many parts do they di- 
vide the ecliptic ? Def 14, page 28. 

7. What are the hour-circles, and how are they drawn on the 
globe? Def. 50, page 34. 

8. What hour-circle is called the six o'clock hour line ? Def 
51, page 35. 

9. What are the azimuth or vertical circles, and what is their 
use? Def 43, page 33. 

10. What is the prime vertical ? Def. 44, page 34. 



II. SifALL CIRCLES ON THE TERRESTRIAL GLOBE. 

1. What is a small circle, and bow many are generally 
drawn on the terrestrial globe ? Def 7, page 26. 

2. What are the tropics, and how far do they extend firom the 
equator, &c. ? Def 16, page 29. 

3. What are the polar circles, and where are they situated ? 
Def 17, page 29. 

4. What are the parallels of latitude, and how many are gen- 
erally drawn on the terrestrial globe ? Def 18, page 29. 

5. What circles are called Almacanters ? Def 4^9, page 33. 



III. great circles on the celestial globe. 

1. How fiiany great circles are drawn on the celestial 
globe ? 

2. The lines of terrestrial longitude are perpendicular to the 
equator, on the terrestrial globe, and all meet in the polcn of the 

41 
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world ; to what great circle on the globe are the lines of celestial 
longitude perpendicular, and on what points of the globe do they 
all meet. 

3. What are the cohires. and into how many parts do they 
divide the ecliptic? Dtf. 14, page 28. 

4. What is the equinoctial, and whul is its use ? Def. 10, page 
27. 

5. What U the ecliptic, and where is it situated? Def. 11, 
page y". 

6. What is the zodiac, and into how many parts ia it divided T 
Def. 1% page 'i?. 

7. What are the signs of the zodiac, and how are they marked! 
Def. 13, page 28. 

8. Whal are the sprint, summer, autumnal, and winter signs; 
and on whal days does the sun enter them 1 Def. 13, page 28. 

9 What are the ascending and descending signs? Def. 13, 
page 28. 
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How many small 



! drawn on the celestial 



2. What are the liopios, and how far do they extend from the 
equinoctial? Def. 16, page 6. 

3. What are the polar circles, and where are they situated ? 
Def. 17. page 29. 

4. What are the parallels of celestial latitude ? Def. 41, page 
33. 

5. What are the parallels of declination? Def. ^, page 33. 



V. THS BRASS MERIDIAN, AND OTHER AFFENDAGBS TO THB 
GLOBES. 



1. What is the brazen meridian, and how is it divided and 
nambered ? D^. 5, page 26. 

2. What is tne axis of the earth, and how is it represented by 
the artificial globes ? Def. 3, page 25. 

3. What are the poles of the world ? Def. 4, page 26. 

4. WTiat are the hour-circles, and how are they divided? Def. 
19, page 29. 

5. What is the horizon, and what is the distinction between 
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the rational and sensible horizon ? Defs. 20, 21, and 22, pages 
29 and 30. 

6. What is the wooden horizon, and how is it divided ? Def. 
23, page 30. 

7. What is the mariner's compass, how is it divided, and what 
is the use made of it on the globe ? Defs. 33, 34, and note page 

8. What is the quadrant of altitude, how is it divided, and what 
is its use ? Def. 37, page 33. 



YI. POINTS ON, AND BELONOINO TO, THE GLOBES. 

1. What is the pole of a circle ? Def. 29, page 31. 

2. What is the zenith, and of what circle is it the pole ? Def 

27, page 31. 

3. What is the nadir, and of what circle is it the pole ? Def 

28, page 31. 

4. Where are the cardinal points of the horizon ? Def. 24, 
page 31. 

5. What are the cardinal points in the heavens ? Def. 25, page 

6. What are the cardinal points of the ecliptic, and which are 
the cardinal signs ?' Dc/". 26, page 31. 

7. What are the equinoctial points? Def. 30, page 31. 

8. What are the solstitial points ? Dc/". 31, page 31. 

9. What is the -culminating point of a star, or of a planet ? Def. 
52, page 35. 

10. What are the poles of the ecliptic, how far are they from 
the poles of the world, and in what circles are they situated ? 
Def 29, page 31. 

YII. LATITUDE AND LONGITUDE ON THE TERRESTRIAL GLOBE, 
THE DIVISION OF THE GLOBE INTO ZONES AND CLIMATES, THE 
POSITIONS OF THE SPHERE, THE SHADOWS, AND POSITIONS OF 
THE INHABITANTS WITH RESPECT TO EACH OTHER. 

1. What is the latitude of a place on the terrestrial globe ? 
Def. 35, page 32. 

2. What is the longitude of a place on the terrestrial globe ? 
Def 38, page 33. 

3. What is a zone, and bow many are there on the terrestrial 
globe ? Def. 70, page 40. 
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4. What is the situation, and what is the extent of the torrid | 
zonet i)e/. 71, page40. 

5. Where are the two temperate zones situated, and what is 
(he eileut of each 7 Def. 7'2, page 40, 

6. Where are the two frigid zones situated, and what U the 
extent of each? fle/". 73, page 4!, 

7. What is a climate, and how many are there on the globe t 
Z)!?/". 69, page 38. 

8. Have all places in the same climate the same atmospherical 
temperature ? Note, page 38. 

9. How many different positions of the sphere are there ? Def. 
65, page 38. 

10. What is a right sphere, and what iohabitaDts of the globe 
have this position ? Def. 66, page 38 ; see likewise Prob. XXII. 
page ^5. 

11. What is a parallel sphere, and what inhabitants of the 
globe have this position ? Dtf, 67, page 38 ; and Prob. XXII. 



page 206, &c, 

12. What is an oblique sphere, and what inhabitants of the 
globe have this position ? Def. 68, page 38 ; and Profr. XXII. 
page 207, &c. 

13. What parts of the globe do the AifFHiscn inhabit, and why 
are they so called ? De/! 74, page 41. 

14. When do the A.MPmtcii obtain the name of Ascii? 

15. What parts of the globe do the HETssoscn inhabit, and 
why are they so called t Def. 75, page 41. 

16. What parts of the globe do the pERiscn inhabit, and why 
are they so called ? Def. 76, page 41. 

17. What inhabitants are called Antoeci to each other, and 
what do you observe with respect to their latitudes, longitudes, 
hours, &c. ? Def. 77, page 41. 

18. What inhabitants are called Ferioeci to each other, and 
what is observed with respect to their latitudes, longitudes, hours, 
seasons, &c. ? Def. 78, page 41. 

19. Where are the Antipodes, and what is observed with 
respect to their seasons of the year, &c.? Def. 79, page 41. 
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VIII. LATITUDES AND LONGITUDES OP THE STABS AND PLANETS 
ON THE CELESTIAL GLOBE, &C. TOGETHBB WITH THE POETICAL 
BISING AND SETTING OF THE STABS, &C. 

1. What is the latitude of a star or planet? Def. 36, page 33. 

2. What is the longitude of a star or planet ? Def. 39, page 33. 

3. What are the fixed stars, and why are they so called? Def, 
80, page 45. 

4 What is a constellation, and how many are there on the 
celestial globe ? Def. 91, page 46 ; see the tables, pages 46, 47, 
and 48. 

5. What is meant by the poetical rising and setting of the stars ? 
Def. 90, page 45. 

6. When is a star said to rise and set cosmicallv ? 

7. When is a star said to rise and set acronically ? 

8. When is a star said to rise and set heliacally ? 

9. What is the Via Lactea, and through what constellation 
does it pass ? Def 92, page 53. 

10. What kind of stars are termed nebulous ? Def 93, page 
54. 

11. How are the stars, which have not particular names, dis- 
tinguished on the celestial globe ? Def 94, page 54. 



IX. DEFINITIONS AND TEBMS COMMON TO BOTH THE GLOBES, 



1. What is the declination of the sun or star, or planet ? Def 
15, page 28. 

2. What is an hemisphere ? Def 32, page 32. 

3. What is the altitude of any object in the heavens ? Def 45^ 
page 34. 

4. What is the meridian altitude of the sun, a star, or planet? 

5. What is the zenith distance of a celestial object ? Def 46, 
page 34. 

6. What is the polar distance of a celestial object ? Def 47, 
page 34. 

7. What is the amplitude of a celestial object ? Def. 48, page 
34. 

8. What is the azimuth of a celestial object ? Def. 49, page 
34. 
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9. What is the right ascension of the sun, or of a atar, tfec. 1 
Def. 80, page 41. 

10. What is the oblique ascension of the sun, or of a star, &c.( 
CeV. 81,page42. 

11. What is the oblique descension of the sun, or of a star, &c.? 
Def. 82, page 42. 

13. What is the ascensional or descensional difference ? Def. 
13, page 42. 



X. TIME ; TBARS, I 



1. What is a solar or tropical year, and what is the length of 
it? De/. 62, page 37. 

2. What is a siderial year, and what is its duration 1 Def. 63, 
page 37. 

3. What is an astronomical day? Def. 58, page 36. 

4. What is a mean solar day ? Def. 57, page 36. ^^^^ 

5. What is a true solar day ? Def. 56, page 35. ^^^| 

6. What is an artificial day ? Dc/. 59, page 36. ^^ 

7. What is a civil dav '>. Drf. 60, page 36. 

S. What is a sideriaiday >'Dc/. 61, ;i^e 36. 

9. What is meant by apparent noon, or apparent time ? Def. 
53, page 35. 

10. W'hat is true or mean noon ? Def. 54, page 35. 

11. What is the equation of time at noon? Def. 55, page 35. 

12. What is the calendar ? page 171. 

13. What ia the cycle of the moon, and how is it found ? page 
171. 

14. What is the epact, what is its use, and how is it found? 
page 171. 

15. What is the cycle of the sun, how is it found, and to what 
use is it applied ? page 172. 

16. What is the number of direction, and how is Easter found 
by it? page 173. 

17. How do you find the Paschal full moon and Easter by the 
Epact? page 174. 

18. In how many years will the error in the Gregorian calen- 
dar amount to one day ? page 177. 

19. In what manner do you find the moon's age, the time of 
new niooD, and the time of full moon, by tbe table page 176. 
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XI. ASTRONOMICAL AND MISCEIiLANEOUS DEFINITIONS, &C. 



1. What do you understand by the precession of the equinoxes, 
and in what time do they make an entire revolution around the 
equinoctial ? Def. 64, page 37. 

2. What is the crepusculum or twilight, and what is the cause 
of it ? Def. 84, page 42. 

3. What is refraction, and whence does it arise ? Def. 85, 
pages 42, 43 and 44. 

4. What is meant by the parallax of the celestial bodies ? Def. 
86, page 44. 

5. What is an angle of position between two places ? Def 87, 
page 44 ; and note, pages 199 and 200. 

6. What are rhumbs and rhumb-lines ? Def. 88, page 45. 

7. What are the planets, and how many belong to the solar 
system ? Def. 95, page 55. 

8. What is the distinction between primary and secondary 
planets, and how many secondary planets belong to the solar sys- 
tem ? Defs. 96; and 97, page 55. 

9. What is the orbit of a planet ? Def 98, page 55. Of what 
figure are the orbits of the planets, and in what part of the figure 
is the sun placed ? page 143. 

10. What are the nodes of a planet ? Def. 99, page 56. 

11. What are the different aspects of the planets, and how many 
are there ? Def 100, page 56. 

12. What are the syzygies and quadratures of the moon ? 

13. When is a planet's motion said to be direct, stationary, or 
retrograde ? Defs. 101, 102, and 103, page 56. 

14 What is a digit ? Dejf. 104, page 56. 

15. What is the disc of tne sun or moon ? Def. 105, page 56. 

16. What are the geocentric and heliocentric latitudes and lon- 
gitudes of the planets ? Defs. 106 and 107, page 56. 

17. When is a planet said to be in apogee ? Def 108, page 56. 

18. When is a planet said to be in perigee ? Def. 109, page 56. 

19. What is the aphelion or higher apsis of a planet's orbit ? 
Def 110, page 56. 

20. What is the perihelion or lower apsis of a planet's orbit ? 
Def. Ill, page 57. 

21. What is the line of the apsides? Def 112, page 57. 
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23. Whatis the eccentricily of theorbitofa planet? Def.l\2, 
page 57. 

M3. What is the elongation of a planet? Def. 118, page 57. 

34. What are the occuhation and transit of a planet ? Defs, 
114 and 115, page 57. 

35. What is the cause of an eclipse of the sun? Def. 116, 
page 57. 

96. What is the cause of an eclipse of the tnoon ? Def. 117, 
page 57. 

27. What are the nocturnal and diumal arcs described by the 
heavenly bodies? Defs. 119, and 120, page 57. 

28. What is the aberration of a star? Xtf/: 112, page 57. 

29. What are the centripetal and centnfugal forces ? Defs. 
122 and 123, page 58. 

30. What is gravity ? Drf. S, page 63. 

31. What is the vis inerli;E of a body T Def. 9, page 63. 

32. What is matter, and what are its general properties ? Defs. 
1 and 2, page 62, 

33. What are eitension, figure, and solidity? Defs.3,4,&ad5, 
page 62. 

34. Can matter be divided ad infinitum ? Def. 7, page 60. 

35. What is motion, and what is the distinction between abio- 
lute and reltilive motion ? Def. G, page 62, and Def. 10, page 63. 

36. How is the velocity of a iiody measured, and what do you 
understand by the word force ? Defs. 11 and 12, page 64. 

37. What arc Sir I. Newton's three laws of motion ? pages G4 
and 65. 

38. What is compound motion ? page 65. 



XII. THE SOLAR SYSTEM AND THE StJN, Q. 

1. What is the solar system, and why is it SO called? page 139. 

2. What part of the solar system is called the centre of the 
world ? page 140, 

3. Does not the sun revolve on its axis, and what other motion 
has it ? page 140. 

4. Of what shape is the sun, how far is it from the earth, and 
how many miles is it in diameter ? pages 140 and 141. 
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5. What is the comparative magnitudes of the sun and the 
earth ? page 141. 

XIII. OF AtERCURY, ^. 

1. What is the length of Mercury's year? page 142. 

2. What is the greatest elongatioq of Mercury ? 

3. What is the distance of Mercury from the sun ? 

4. What is the diameter of Mercury ? page 142. 

5. What is the comparative magnitudes of Mercury and the 
earth ? 

6. What is the comparison between the light and heat which 
Mercury receives from the sun, and the light and heat which the 
earth receives ? page 143. 

7. At what rate per hour are the inhabitants of Mercury (if 
any) carried round the sun ? page 143. 

XIV. OF VENUS $. 

1. When is Venus an evening star, and in what situation is she 
a morning star ? page 144. 

2. How long is ^nus a morning star? 

3. In how many days does Venus revolve around the sun ? 

4. The last transit of Venus over the sun's disc happened in 
1769, when will the next transit happen ? 

5. What is the opinion of Dr. Herschel respecting the moun- 
tains in Venus ? page 145. 

6. What is the opinion of M. Schroeter on the same subject T 
page 152 in the note. 

7. What is the greatest elongation of Venus ? page 145. 

8. What is the diameter of Venus ? 

9. What is the magnitude of Venus ? 

10. What is the distance of Venus from the sun ? 

11. What is the comparison between the light and heat which 
Venus receives from the sun, and the light and heat which the 
earth receives ? 

12. At what rate per hour does Venus move aroond the sunt 
page 145. 
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XV, OF THE EABTH, 



1. What is the figure of ihe earth 1 page 70, 

2. Why 18 the earth represented by a globe ? page 76. 

3. What proofs have we that the earth is globular? pages 
71,72. 

4. What would be the elevation of Chimbora^o, the highest 
of the Andes inounlains, on an artificial globe of 18 inches diam- 
eter? page 72, the note. 

5. What is a spheroid, and how is it generated ? page 73, the 
note. 

6. What is the difference between the polar and equatorial 
diameters of the earth ? page 74, and the note. 

7. What is the length of a degree ? pages 75, 76, and the note. 

8. What is the use of finding the length of a degree, and how 
can the magnitude of the earth be determined thereby ? page 75. 

9. Who was the first person who measured the length of a de- 
gree tolerably accurate ( page 75. 

10. What is the length of a degree according to the French 
admeasurement T page 76, the note. 

11. In what time does the earth revolve on its asis from west 
to east 1 page 77, and Def. 61, page 36, and the note. 

12. What is the diameter of llic earth ; what is its circumfer- 
ence, and how are they determined 1 page 76, and the note. 

13. What proofs can yon give of the diurnal motion of the 
earth ? pages 77, and 78. 

14. How do you explain the phenomena of the apparent diur- 
nal motion of the sun 1 page 78. 

15. What proofs can you give of the annual motion of the 
earth ? page 79. 

16. What is the distance of the earth from the sun, and how 
is it calculated 1 page 80, and the note. 

17. At what rate per hour does the earth travel around the 
sun? page 81. 

18. At what rate per hour are the inhabitants of the equator 
carried fnim west to east by the revolution of the earth on its 
axis, and at what rate per hour are the inhabitants of London 
carried the same way ? 

19. How do you explain the motion of the earth around the 
sun? page 81. 

20. How do you illustrate the phenomena of the different sea- 
sons of the year? page 82. 
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XVI. OF THE MOON, ©. 

1. How many kinds of lunar months are there ? page 146. 

2. What is a periodical month ? page 146. 

3. What is a synodical month ? 

4. When is the eccentricity of the moon's elliptical orbit the 
greatest ? 

5. When is the eccentricity of the moon's elliptical orbit the 
least ? 

0. Whether does the motion of the moon's nodes follow, or 
recede from the order of the signs ? page 147. 

7. In how many years do the moon's nodes form a complete 
revolution around the ecliptic ? 

8. In what time does the moon turn on her axis? 

9. What is the libration of the moon ? 

10. Is the path of the moon convex, or concave towards the 
sun ? page 148. 

11. Please to explain the different phases of the moon ? pages 
148 and 149. 

12. What point on the earth has a fortnight's moonlight and a 
fortnight's darkness, alternately ? page 149. 

13. What is the moon's mean horizontal parallax, and at what 
distance is she from the earth ? page 150. 

14. What is the magnitude of the moon when compared vnth 
that of the earth ? 

15.9 How many miles is the moon in diameter ? 

16. In how many days does the moon perform her revolution 
around the earth, and at what rate does she travel per hour ? page 
L52. 

17. In what manner have astronomers described the different 
spots on the moon's surface ? 

18. Have not astronomers discovered Tolcanoes, mountaiiui, 
&c. in the moon ? 



XVII. OF MARS, ^. 

1. What is the general appearance of Mars ? page 158. 

2. In what time does Mars revolve on his axis ? 

3. In what time does Mars perform his revolution around the 
sun, and at what rate does he travel per hour? pages 153 and 
154. 
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4. How far is Mars distant from the sun ? page 154. 

5. How many miles is Mars in diameter? 

6. What is the comparative magnitude of Mars and the 
earth? 



XVni. OP CBRES J, 



VESTA g, 



1. When and by whom was the planet, or Asteroid, CereB 
discovered? page 155. 

3, How many miles is Ceres in diameter? 

3. What is tlie distance of Ceres from the sun, and what ia 
the length of her year 1 

4. When and by whom was Pallas discovered? page 155. 
5 What is the diameter of Pallas in English miles ? 

6. What is the distance of Pallas from the sun, and the length 
of her year ? 

~ "" ' id the planet Juno? page 155. 

10 distant from the sun, and what is the length 



7. Who di 

8. How far 
of her year ? 

9. By wh< 



was Vesta discovered ? 



10. What is the length of Vesta's year, and how far is she from 



the s 



XIX. or JUPITER, 



, &.C. 



1. In what situation is Jupiter a morning star, and in what 
situation is he an evening star f page 156. 

2. In what time docs Jupiter revolve on his axis ? 

3. What are Jupiter's belts ? 

4. In what time does Jupiter perform his revolution around the 
nin, and at what rate per hour does he travel f page 156. 

5. What is the distance of Jupiter from the sun ? 

6. What is the diameter of Jupiter in English miles ? 

7. What is the comparative magnitudes of Jupiter and the 
earth? 

8. What is the comparison between the light and heat which 
Jupiter receives from the sun, and the light and heat which the 
eaith receives ? page 157. 

8. How many satellites is Jupiter attended by f page 157. 
10. By whom were the satellites of Jupiter discovered ? 



Chap. II. OP THE STUDENT. 333 

1 1. In what time do the respective statellites perform their rev- 
olutions around Jupiter f 

P2. In what manner are the longitudes of places determined 
by the statellites of Jupiter? page 157. 

13. Please to explain the configuration of the satellites of Ju- 
piter as given in the Xllth page of the Nautical Almanac. 

14. How was the progressive motion of light discovered ? 
page 159. 



XX. OF SATURN, 1>, &C. 



1. What is the appearance of Saturn when viewed through a 
telescope ? page 160. 

2. In what time does Saturn perform his revolution around 
the sun, and at what rate does he travel per hour ? 

3. What is the distance of Saturn from the sun ? 

4. How many English miles is Saturn in diameter, and what is 
his magnitude compared with that of the earth? page 161. 

5. What is the comparison between the light and heat which 
Saturn receives from the sun, and the light and heat which the 
earth receives ? 

6. In what time does Saturn revolve on his axis ? 

7. How many moons is Saturn attended by, and by whom 
were they discovered ? 

8. Pray is not the seventh satellite the nearest to Saturn, and, 
if 6o, why was it not called the first satellite ? page 161. 

9. What is the ring of Saturn, and how may it be represented 
by the globe ? page 160. 

10. By whom was the ring of Saturn discovered ? 

11. In what time does the ring of Saturn revolve around his 
axis? 



XXI. OF THE GEORGIAN PLANET, ^, &C. 



1. When and by whom was the Georgian planet discovered? 
page 163. 

2. What is the appearance of the Greorgian when viewed 
through a telescope ? page 163. 
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3. In what time does the Georgian planet revolve around tb(j J 
sun, and at what rate per hour does it travel? 

4. What i9 the comparative magnitude betweea the Geor^ 
planet and the earth 1 

5. How many satellites belong to the Georgian ? 
". By whom were the satellites of the Georgian discoTered,>'1 

k Wid in what order do they perform their revolutions around the | 
' [Janet? pages 163 and 1G4. 

■ N^ B. The tutor may crtend these qvationi to thf Gtographicid Thtoremi^ pi^ 59, 
la Clu^. r. ri. FII. nil. and IX. Part I., end la Chap. I. II. ID. IF. and FI. 
Fart II. ; b^d (o the janit nioniier oj uJring I/k dif trnif protlcnu, 4*- 
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